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Pioneering  is  another  "AMPEREXTRA"  which  has  con¬ 
tributed  much  .to  the  excellence  of  the  more  than  100 
different  types  of  transmitting  and  rectifying  tubes  de¬ 
veloped  by  AMPEREX.  For  instance,  it  was  AMPEREX 
engineers  who  were  first  to  incorporate  specially  pro¬ 
cessed  graphite  anodes  in  many  of  our  exclusive  designs. 
One  superiority  of  our  graphite  anodes  is  reflected  in 
lower  overage^  operating  temperatures,  more  uniform 
temperature  distribution,  freedom  from  warping  in 
processing  and  operation,  absence  of  change  in  charac¬ 
teristics  with  time,  and  a  higher  initial  vacuum  which 
keeps  tubes  harder  and  assures  longer  life:  if  you  are 
designing  new  equipment,  or  plon  to  improve  existing 
facilities,  talk  to  an  AMPEREX  engineer. 
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rHE  time  is  fast  approaching  when  allied  and 
enemy  populations  alike  will  demand  a  blueprint 
for  the  economic  reconstruction  of  Europe.  The 
peace  plans  following  this  World  War  will  be  writ-  • 
ten  piecemeal,  and  by  experts,  at  a  series  of  con¬ 
tinuing  conferences,  such  as*  Hot  Springs,  Bretton 
Woods,  Dumbarton  Oaks  and  Quebec,  each  tracing 
a  new  pattern  for  negotiation  and  each  dealing  with 
a  single,  specific  problem.  In  the  drawing  of  these 
plans,  the  United  States,  as  owner  of  more  than 
half  of  the  world’s  industrial  capacity,  controller  of 
the  only  great  credit  reservoir,  and  possessor  of  the 
largest  force  of  highly  skilled  technicians  and  man¬ 
agement  engineers,  has  heavy  responsibilities  which 
its  industrial,  financial,  agricultural  and  labor  leaders 
cannot  evade. 


Just  what  is  the  problem  which  the  vrorld’s  busi¬ 
ness  leaders  must  help  solve  in  Europe? 

The  best  safeguard  of  peace  is  economic  oppor¬ 
tunity  —  a  good  chance  for  all  peoples  to  raise  their 
standard  of  living  by  their  own  ingenuity,  foresight 
and  industry. 

Frustrated  and  disappointed  x)eoples,  who  view 
the  future  with  misgiving  rather  than  hope,  breed 
fanatical  demagogues  who  seek  to  divert  nations 
from  their  ills  and  disappointments  by  promising 
military  glory  and  conquests. 

Consequently,  an  important  step  in  building  a 
secure  and  lasting  peace  is  to  open  the  doors  of 
opportunity  to  the  peoples  of  Europe. 

The  greatest  obstacle  to  opportunity  in  Europe 
has  been  economic  nationalism. 

The  economic  tradition  of  the  Continent  always 
has  been  highly  nationalistic.  The  national  feeling 
generated  by  the  first  World  War,  and  the  political 
autonomy  conferred  upon  many  peoples  by  the  peace 
treaties,  led  to  a  great  growth  of  economic  restric¬ 
tions.  This  trend  was  accentuated  by  the  depression 
and  by  the  military  plans  of  the  Fascists  and  Nazis. 
Hitler  had  to  show  his  people  they  could  be  fed 
even  if  a  blockade  was  imposed  again.  The  inevita¬ 
ble  result  of  these  influences  was  to  carry  self- 
sufficiency  to  tragic  extremes. 

Economic  nationalism  holds  down  the  standard  of 
living  of  Europe  in  two  ways; 

1.  It  prevents  the  rise  in  most  European  coxmtries  of  low- 
cost  mass  production. 

2.  It  operates  against  an  efficient  geographical  division  of 
labor,  preventing  nations  from  doing  what  each  can  do 

.  best. 


Great  machines  require  great  markets.  One  great 
machine  of  which  the  United  States  has  many  and 
Europe  few  is  the  continuous  strip  steel  mill.  At  the 
outbreak  of  the  war  we  had  twenty-eight  such  mills 
of  various  sizes,  England  but  one,  and  Continental 
Europe  one.  A  building  containing  one  of  these  ma¬ 
chines  is  more  than  a  quarter  of  a  mile  long  and  the 
minimum  cost  of  the  mill  is  almost  $25,000,000.  Only 
the  prospect  of  a  mass  market  justifies  production  on 
this  vast,  but  highly  economic  basis. 

The  wasteful  geographical  distribution  of  produc¬ 
tion  is  shown  by  the  agricultural  policies  of  Italy, 
France  and  Germany. 

In  the  lOJO’s,  when  lard  sold  for  less  than  8^  a  lb. 
in  the  United  States,  it  cost  32f^  a  lb.  in  Germany. 
In  Italy  and  Germany  imports  of  wheat  were  banned 
and  its  production  at  home  was  heavily  subsidized. 
By  the  middle  of  the  1930’s,  wheat  sold  for  $1.55  a 
bushel  in  France,  $1.97  in  Czechoslovakia,  $2.29  in 
Germany,  and  $2.47  in  Italy.  At  the  same  time  the 
United  States  and  the  othef-  efficient  world  pro¬ 
ducers  and  exporters  (Canada,  Australia  and 
Argentina)  were  restricting  production  and  were 
unable  to  average  more  than  about  75#  a  bushel  for 
their  wheat. 

Economic  unity  in  Europe  must  ultimately  mean 
a  freedom  to  trade  not  greatly  different  from  what 
we  have  within  the  United  States.  Given  economic 
unity  and,  the  large  markets  which  go  with  it,  effi¬ 
cient  mass  production  will  develop.  With  Europe 
receiving  cheap  supplies  of  such  staple  foods  as 
wheat,  pork,  lard  and  dried  fruits  from  overseas, 
European  farmers  can  prosper  by  specializing  in 
producing  fresh  foods— butter,  cheese,  eggs,  fruits, 
vegetables. 

Then  European  agriculture  will  be  more  prosper¬ 
ous  producing  its  specialties,  and  oxu:  agriculture 
(and  that  of  the  other  great  efficient  svuplus-pro- 
ducing  countries  as  well)  will  have  greatly  ex¬ 
panded  markets  for  our  staples. 

With  a  cheaper  food  supply  for  Europe— yet  one 
3delding  a  better  price  for  our  agriculture— Euro¬ 
pean  labor  will  live  better.  Labor  now  used  imeco- 
nomically  for  agricultvual  production  will  be  re¬ 
leased  for  industry.  With  big  machines  and  semi¬ 
automatic  processes  European  labor  can  produce 
more  steel,  automobiles,  furnaces,  plumbing  and 
electrical  appliances  to  advance  its  standard  of  liv¬ 
ing  in  coming  decades,  as  the  United  States  has 
done  in  past  decades. 

A  rising  standard  of  living  in  Europe  will  bring 


Europeans  to  view  peace  with  optimism  and  hope.  consxunption  of  electrical  energy  would  be  175  mil- 

And  world  trade  grows  as  confidence  and  prosperity  lion  electrical*ILP.,  if  the  European  worker  were  to 

widen.  have  the  advantage  of  as  many  HP.  as  the  Ameri- 

*  *  can.  Yet,  just  prior  to  the  war,  Europe’s  installed 

1  ,  operating  capacity  was  only  about  40  per  cent  of 

How  womd  a  Europe  which  possesses  economic  fimire 

unity  appear  to  us  on  this  side  of  the  Atlantic?  ^ 

It  would  be  a  prosperous  Europe  that  would  have 
strength  in  its  advancing  industries,  but  as  the  single 
great  agricultural  deficit  area  of  the  world,  it  would 
be  dependent  upon  overseas  supplies  for  vital  agri> 
cultural  staples.  This  dependence  upon  overseas 
agricultural  supplies  would  be  greatest  for  indus¬ 
trial  Germany.  Some  people  believe  that  a  strong 
Europe  would  be  a  threat  to  world  peace.  More 
important,  however,  is  the  fact  that  a  strong  and 
prosperous  Europe  would  not  be  a  frustrated  Europe. 

It  would  have  foimd  a  way  to  achieve  a  rising  stand¬ 
ard  of  living.  Furthermore,  a  prosperous  Europe 
would,  economically,  be  a  dependent  Europe  be¬ 
cause,  althoiigh  the  European  industrial  worker 
would  use  more  and  cheaper  food,  he  would  have 
it  only  as  long  as  he  maintained  the  peace. 

A  prosperous  Europe  would  be  of  special  advan¬ 
tage  to  American  agriculture  (if  we  do  not  keep  on 
pricing  ourselves  out  of  the  market)  and  of  great 
advantage  to  American  industry. 

The  British  policy  of  buying  agricultural  staples 
from  abroad,  for  example,  made  her,  a  nation  of 
only  45,000,000,  the  purchaser,  in  1937,  of  $250,- 
000,000  of  all  kinds  of  agricultural  products  from 
the  United  States.  In  the  same  year  the  rest  of 
Europe  (e;xcliisive  of  Russia) ,'  with  a  population  of 
325,000,000  piux;hased  only  $300,000,000  of  our  agri¬ 
cultural  products.  But  with  more  sensible  organi¬ 
zation  of  its  agriculture,  Europe  could  be  expected 
to  buy  more  than  one  billion  dollars  of  agricultural 
products  from  us. 

By  far  the  greatest  market  for  an  expanded  Euro¬ 
pean  industry  will  be  Europe  itself. 

For  American  industry,  there  will  be  growing 
markets  in  Europe  as  industry  expands.  Experience 
shows  that  the  trade  between  different  highly  indus¬ 
trialized  areas  is  large.  This  country’s  biggest  export 
markets  have  been  with  its  keenest  competitors  — 

Britain,  Canada,  Japan,  France  and  Germany. 

Before  the  war,  Europe,  with  two  and  one-half 
times  the  population  of  the  United  States,  had  only 
one-sixth  as  many  automobiles. 

If  Eturope  (exclusive  of  Britain  and  Russia)  were 
to  motorize  proportionately,  it  would  need  75,000,000 
automobiles.  With  normal  depreciation  this  would 
ultimately  mean  10,000,000  cars  to  be  produced  an¬ 
nually  to  replace  worn  out  cars. 

If  one  still  wonders  about  the  immense  number  of 
things  Europe  might  produce  for  herself,  let  him 
calculate  the  highway  expenditures,  the  filling  and 
repair  station  businesses  that  must  be  equipped  and 
maintained;  and  the  doubling  of  the  steel  production 
that  would  be  required  to  make  the  automobiles 
themselves  and  to  reinforce  with  steel  even  a  mod¬ 
erate  amoimt  of  additional  concrete  highways. 

Another  example  is  the  electrification  of  Europe. 

With  two  and  one-half  times  our  population  Europe’s 


What  has  been  sketched  for  Euroi)e  is  actually 
much  more  nearly  a  page  from  the  economic  history 
of  the  United  States  than  it  is  mere  prophecy  about 
a  desirable  future  for  a  Europe  at  peace.  But  how 
can  it  be  achieved?  And  what  is  our  part  to  be  in 
helping  to  bring  it  about? 

Economic  unity  can  be  provided  for  the  sovereign 
states  of  Western  Europe  by  the  peace  treaty  or 
treaties  adopted  at  the  end  of  the  war.  The  pro¬ 
visions  for  securing  economic  unity  in  Europe 
should  specifically  cover: 

L  Substantial  freedom  for  persons  and  enterprises  to  do 
business  anywhere  in  Europe. 

2.  Reasonably  free  movement  throughout  Europe  of  persons 
for  employment,  1*ecreation  and  education. 

3.  Greatly  increased  freedom  of  trade: 

a.  Within  Emope  —  through  the  application  of  a  Europe¬ 
wide  agreement  reducing  the  tarifEs  among  all  Euro¬ 
pean  coxmtries  to  a  maximum  of  10  or  15  per  cent 

b.  With  the  rest  of  the  world  — throu^  reduction  of 
European  tariffs  on  goods  bought  from  overseas.  This 
would  call  for  generally  lower  levels  on  maniifactuired 
goods,  and  for  the  removal  (after  a  reasonable  period 
of  progressive  reduction)  of  tariffs  on  all  agricultural 
foodstuffs  and  most  industrial  raw  materials. 

4.  A  sp>ecial  currency  provision  requiring  as  nearly  as  prac¬ 
ticable  complete  currency  stabili^tion  for  all  coxmtries  of 
Western  Europe  among  each  other. 

5.  Creation  of  an  agency  (with  adequate  revenues)  through 
which  all  Europe- wide  bus^.iess  and  other  affairs  affect^ 
by  these  agreements  woxild  be  administered  for  a  mini¬ 
mum  period  of  twenty-five  years. 

This  would  permit  the  economic  unity  of  Europe 
to  be  substantially  achieved.  During  this  period, 
assistance  in  administering  the  provisions  wotild  be 
given  by  officials  of  the  United  Nations. 

Near  the  end  of  such  a  period  arrangements  could 
be  made  for  a  vote  in  the  European  countries  on 
whether  or  not  to  continue  the  “unification  provi¬ 
sions.”  If  the  vote  were  in  the  negative,  the  United 
Nations  would  have  proper  warning  that  additional 
safeguards  would  be  necessary  to  prevent  war. 

The  suggestions  made  in  this  statement  aim  at 
securing  economic  unification  of  Europe  and  thereby 
promoting  the  possibilities  of  permanent  peace  in 
Europe. 

The  realization  of  these  possibilities  throughout 
the  postwar  years  requires  a  freely  expressed  public 
opinion  in  Europe  to  guide  all  who  share  the 
responsibility  for  bringing  peace  to  Europe  and  to 
the  world. 


President  McGraw-Hill  Publishing  Company,  Inc. 
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Before  You  Design  For  "SPECIALS” 
Check  These  Standard  MALLORY  Part 


You  can,  of  course,  specify  special  parts  for  new  electronic  and 
electrical  devices  you  are  designing.  But  there’s  not  much  point 
in  that  when  standard  MaUory  parts  may  easily  simplify  assembly, 
speed  production,  reduce  costs  and  facilitate  field  servicing. 

And  that’s  what  Mallory  components  are  doing  right 
thousands  of  electronic  jobs.  Here  a  few  typical  entries 
briefly  described; 


now  m 


MULTI-GANG  CIRCUIT  SELECTOR 
SWITCHES — 20  standard  constructions 
from  1  to  6  gangs,  up  to  20  circuits  per 
switch. 


EXTENSION  JACKS  connect  extensioo 
cord  so  that  radio  and  other  electrical 
equipment  may  be  connected  in  remote 


JACKS  FOR  EVERY  PURPOSE-'^X' 
type  with  special  dust  protector  . . .  Junio 
type  with  springs  parallel  to  panel ...  ant 
many  others.  Spring  combinations  fo 
practically  every  application. 


SINGLEjGANG  circuit  selector 

SWITCHES — 12  standard  circuit  com* 
binations.  Two  base  sizes:  IVa  in.  with 
maximum  of  12  contacts  per  circuit,  and 
1  11/16  in.  with  maximum  of  17  cmitacts 
per  circuit. 


PUSH  BUTTON  SWITCHES  in  lock- 
ing  and  non*Iocking  types — 8  spring  coni' 
binations  of  each  type.  For  permanent  « 
momentary  contact. 


PHONE  PLUGS — 2-way  plugs  with  tie- 
cord  anchor.  Also  standard  3-way  micro¬ 
phone  plugs  with  built-in  cable  clamp. 
Available  in  bakelite  and  shielded  nickel 
shells. 


JACK  SWITCHES — for  momentJ 
tact  only.  Made  in  Standard  and 


types  (2  and  3  position)  and  Midget  types- 

For  the  complete  story  oj  Mallory  Approved  Precision  Products,  send 
for  the  Mallory  catalog  and  consult  your  nearest  Mallory  distributor. 


Approved  Precision  Products 
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^LEGITIMATE  .  .  .  For  the  first  time  in  many 
moons,  the  editor  has  been  sandbagged  into  going  to 
the  theater.  It  was  quite  an  experience,  and  not  alto¬ 
gether  to  be  recommended  to  anyone  out  of  practice. 

In  the  first  place,  in  the  legitimate  theater,  in  case 
you  have  forgot,  the  orchestra  is  right  down  in  front, 
between  the  audience  and  the  singers  or  actors.  There 
is  only  limited  volume  control,  apparently,  so  that 
half  the  time  the  orchestra  drowns  out  the  singers.  In 
the  second  place,  the  singers  and  actors  are  only 
natural  size,  not  blown  up  real  big  as  in  a  movie,  and 
they  are  located  down  in  front  instead  of  up  in  front. 
Theater  seats  are  so  arranged  tha^  you  can  see 
around  nearly  everyone  except  the  people  in  the  row 
right  in  front  of  you,  and  these  people  always  want  to 
look  right  when  you  look  right  and  vice  versa.  The 
result  is,  you  seldom  see  much  but  the  edges  of  the 
stage.  There  is  also  a  fairly  unsatisfactory  acoustical 
arrangement  so  that  it  is  difficult  to  make  out  the 
words  without  a  libretto  or  something. 

Some  steady  radio  listeners  and  movie-goers  com¬ 
plain  that  the  drums  and  violins  always  seem  to  come 
from  a  certain  part  of  the  pit  in  the  regular  theater, 
but  we  didn’t  mind  this  so  much — although  it  did 
sound  strange.  Others  complain  that  the  bass  isn’t 
loud  or  boomy  enough  but,  on  this  score,  maybe  the 
fellow  who  plays  the  bass  viol  will,  in  time,  make  it 
sound  like  a  radio.  People  do  like  bass,  you  know. 

►BONANZA  .  .  .  Disappointment  stares  into  the 
faces  of  members  of  the  legal  profession  who  look  to 
the  end  of  the  war  as  a  time  to  make  their  fortunes 
fighting  patent  infringement  suits  based  on  every¬ 
body’s  use  of  everybody  else’s  patents.  With  the  after- 
math  of  the  last  World  War  in  mind,  when  claims  to 
the  tune  of  some  two  billion  dollars  arose.  Government 
has  acted  early  and  wisely  this  time  to  circumvent  dif¬ 
ficulties  of  this  nature. 

In  a  few  cases  exorbitant  sums  were  asked  for  the 
privilege  of  using  patents  or  inventions  to  aid  in  the 
war.  These  offers  were  flatly  refused  and  the  claimants 
then  had  the  opportunity  of  taking  the  matter  to  the 
Court  of  Claims.  As  a  result,  most  of  these  get-rich 
offers  have  been  scaled  down  so  that  the  Government 
got  the  use  of  the  inventions  at  a  reasonable  cost. 

It  looks,  then,  as  though  the  infringement  suits 


which  took  so  many  years  to  settle  after  the  last 
World  War  will  not  even  arise  this  time.  Lieutenant 
Colonel  Lippincott  of  the  War  Department,  who  has  had 
a  lot  to  do  with  the  happy  sharing  of  inventions  and 
patents  for  prosecution  of  the  war,  says:  “Even  we 
patent  attorneys  will  not  suffer  in  the  long  run”  from 
the  amicable  arrangements  between  inventors  and 
Government  that  have  been  worked  out.” 

►  SYMBOLS  ...  To  the  first  engineer  who  submits 
an  acceptable  paper  containing  circuit  diagrams  using 
the  ASA  component-part  symbols  printed  on  page  93 
of  our  July  Issue  the  editors  of  ELECTRONICS  offer  a 
free  lunch,  with  all  the  trimmings.  We’ll  buy  it  here 
in  New  York,  adding  our  own  personal  charms  in  the 
event  that  the  lucky  man  is  in  this  neck  of  the  woods. 
Or  we’ll  forward  sufficient  cash  to  cover  a  meal  in  the 
ritziest  restaurant  in  his  home  town. 

Electronics  is  now  using  the  standard  symbols 
in  all  circuit  diagrams.  Converting  old  symbols  to  the 
new  ones  on  every  single  circuit  diagram  accompany¬ 
ing  every  manuscript  is  a  tough,  time-consuming  job, 
with  possibilities  of  making  errors.  The  editors 
don’t  like  thfs  kind  of  work — thus  the  free-meal  offer! 

►  SHORT  BUT  SWEET  .  .  .  Following  the  50  to  60 
pages  of  featured  papers  appearing  in  the  average 
issue  of  Electronics  there  is  nearly  as  much  mate¬ 
rial  again  in  back-of-book  “Departments,”  indexed  on 
the  Contents  page.  Items  handled  in  brief  style 
usually  get  that  way  for  one  good  reason  or  another. 
For  example,  perhaps  censorship  prevents  the  editors 
from  immediately  securing  sufficient  data  to  justify  a 
feature  article,  yet  they  wish  to  keep  readers  as  fully 
informed  as  circumstances  permit.  In  no  sense  does 
departmental  handling  imply  lack  of  importance. 
There  is  no  room  in  our  columns  these  days  for  unim¬ 
portant  material. 

Discerning  readers  tell  us  that  they  frequently 
pick  up  just  the  ideas  they  need  from  the  following 
departments:  Industrial  Control  .  .  .  covering  the  use 
of  tubes  in  industry;  Tubes  At  Work  .  .  .  devoted  to 
immediately  useful  communication  applications;  Elec¬ 
tron  Art  .  .  .  discussing  laboratory  work  pointing  to 
applications  just  around  the  comer;  New  Products 
.  .  .  describing  commercially  available  gear;  New 
Books  .  .  .  News  of  the  Industry  .  .  .  Backtalk. 


ships  on  all  of  the  Great  Lakes. 
Two  other  shore  stations,  one  at 
Duluth  and  one  at  Port  Washinjr- 
ton,  cover  local  traffic  in  their  re¬ 
spective  areas.  In  addition  to  the 
Lorain-operated  shore  stations 
there  are  stations  operated  by  other 
companies  in  the  United  States  and 
Canada  which  handle  traffic.  About 
95  percent  of  the  ship  installations 
were,  however,  made  by  the  Lorain 
Company. 
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Maria*  CeMM*aieatioa  Network 

Communication  is  handled  on 
dialing  the  transmitter  onto  the  air  *  ship-to-shore  frequencies  in  the  2, 
on  a  frequency  already  in  use,  ex-  4,  6,  and  8  Me  bands;  a  ship-to-ship 
cept  on  general  calling  and  ship-to-  channel  in  the  2  Me  band;  and  an 
ship  channels.  Once  the  connection  emergency  channel  in  this  latter 
is  established,  conversation  is  car-  band.  The  frequencies  used  were 
ried  on  as  in  usual  telephone  instal-  chosen  to  give  complete  coverage 
lations.  Voice-operated  relays  on  the  Great  Lakes.  Calls  are  routed 
switch  the  ship’s  transmitter  on  and  over  channels  which  will  give  the 
off  the  air,  eliminating  the  need  for  best  service  at  the  particular  sea- 
a  press-to-talk  button.  At  the  shore  son  of  year,  time  of  day,  and  dis- 
station  a  voice-controlled  relay  tance  to  be  covered.  From  the  shore 
switches  the  land  line  from  receiver  stations  connection  is  made  to  ship- 
to  transmitter  in  accordance  with  ping  offices,  weather  bureau  and 
the  conversation.  A  noise  discrim-  elsewhere  over  telephone  land  lines, 
inator  prevents  operation  of  the  re¬ 
lay  by  atmospherics.  Eqalpm.at  Abeord  Ship 

The  main  station  at  Lorain,  The  .ship  equipment  comprises  a 
shown  in  Fig.  3,  is  30  miles  west  of  six  -  frequency  crystal  -  controlled 
Cleveland  and  communicates  with  transmitter,  six  crystal-controlled 


TO  FACILITATE  the  movement  in 
the  Great  Lakes  of  nearly  200 
million  tons  of  bulk  freight  a  year 
by  some  600  cargo  steamers,  the 
Lorain  County  Radio  Corporation 
has  developed  over  the  past  decade 
a  highly  efficient  radiophone  service. 

Ships  can  be  routed  while  under 
way,  thereby  completely  coordinat¬ 
ing  dock  and  rail  facilities.  As  a  re¬ 
sult,  an  estimated  2000  freight  cars 
are  saved  each  day.  In  addition,  the 
system  provides  ships  with  instan¬ 
taneous  contact  with  the  outside 
world  in  case  of  emergency. 

Regular  weather  reports  are 
broadcast  over  the  system,  and 
ships  can  call  one  another  for  addi¬ 
tional  information. 


Ceaipl*t*ly  AatoMatic 

Ship  personnel  require  a  com¬ 
munication  system  for  the  opera¬ 
tion  of  which  no  training  beyond 
that  necessary  for  an  FCC  re¬ 
stricted  radiotelephone  operator’s 
permit  is  needed.  Therefore,  the 
Lorain  company  has  developed  a 
completely  automatic  dial-controlled 
installation  for  use  in  the  area 
shown  in  Fig.  1. 

The  dial  phone  shown  in  Fig.  2 
can  be  mounted  aboard  ship  wher¬ 
ever  it  will  be  most  convenient. 
Usually  one  hand  set  is  mounted  in 
the  pilot  house,  and  one  in  the  cap¬ 
tain’s  cabin.  Lifting  the  hand  set 
from  its  cradle  puts  remote  trans¬ 
mitting  and  receiving  equipment 
into  operation. 

One  of  six  two-way  crystal-con¬ 
trolled  channels  is  selected  by  dial¬ 
ing.  A  lock-out  feature  prevents 
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FIG.  1 — ^Location  oi  Loraiii  County  Radio  Corporation's  shor*  stations  in  th* 
Groat  Lak*s  marin*  communication  network,  showinq  rotation  to  shipping  tonos 
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Detailed  description  of  Lorain  County  Radio  Corporation’s  automatic  service  employ¬ 
ing  dial  operation,  selective  ringing,  six  crystal-controlled  two-way  .channels,  relay- 
operated  transmitters,  and  voice-controlled  terminal  equipment  with  noise  discrimination 


receivers,  power  supply  and  control 
equipment  all  in  a  metal  cabinet  as 
in  Fig.  4,  a  transmitting  and  a  re¬ 
ceiving  antenna,  and  one  or  more 
telephone  instruments  installed  at 
suitable  locations  on  the  ship. 

The  equipment  in  the  cabinet  is 
assembled  on  sliding  chassis,  re¬ 
movable  for  inspection  and  servic¬ 
ing.  Automatic  plug-in  arrange¬ 
ments  complete  all  connections 
when  the  chassis  are  slid  home. 
Only  the  connecting  wiring  and 
plugs  are  attached  to  the  cabinet 
proper,  thus  providing  complete 
accessibility  of  equipment  and  mak¬ 
ing  it  possible  to  install  the  cabinet 
with  its  rear  and  side  faces  against 
bulkheads  or  lockers.  This  feature 
is  of  considerable  importance  on 
shipboard. 

The  equipment  is  completely 
fused.  A  main  power  switch  at  the 
top  of  the  cabinet  disconnects  the 
power  or  connects  an  emergency 
power  supply.  The  cabinet  door  is 
equipped  with  a  tumbler  lock  to  pro¬ 
tect  the  equipment  against  unau¬ 


thorized  manipulation.  In  installa¬ 
tions  where  the  antenna  lead-in 
wires  can  not'  be  placed  beyond 
reach,  they  are  insulated  in  heavy 
hose. 

The  transmitter  operates  directly 
into  a  single-wire  antenna  50  to  100 
feet  long,  carried  as  high  as  pos¬ 
sible.  The  receiving  antenna  is 
usually  installed  on*  the  opposite 
side  of  the  ship  from  the  trans¬ 
mitting  antenna  and  is  connected 
to  the  cabinet  through  a  shielded 
low-capacity  rubber-covered  lead-in 
cable. 

The  equipment  operates  from  SO¬ 
US  volts  d.c.  (the  usual  elecfric 
power  aboard  ships).  The  stand-by 
demand  is  approximately  three  am¬ 
peres;  under  full  operation  the  in¬ 
stallation  draws  nine  amperes.  The 
500  volts  of  plate  power  for  the 
transmitter  are  supplied  by  a  dyna- 
motor  in  the  base  of  cabinet.  Filters 
in  the  ship’s  power  line  and  in  the 
dynamotor  control-unit  absorb  in¬ 
terference.  A  rheostat  adjusts  the 
dynamotor  for  operation  at  the 


ship’s  average  voltage.  The  re¬ 
ceivers,  which  are  in  constant  op¬ 
eration,  operate  directly  from  the 
ship’s  power  mains,  eliminating  the 
need  for  a  continuously-running 
converter. 

F*at«r«s  of  Ship  TraMnittcr 

The  50-watt  ship  transmitter 
consists  of  a  crystal-controlled 
6L6G  oscillator  and  a  plate-modu¬ 
lated  final  amplifier  with  three 
RK39’s  in  parallel,  shown  in  Fig.  5 
and  6.  The  three  tubes  in  parallel 
in  the  final  r-f  amplifier  permit 
transmission  at  somewhat  reduced 
power  if  one  tube  fails.  Frequency 
stability  is  within  0.02  percent. 

Individual  crystals  are  provided 
for  operation  in  the  2,  4,  and  6  Me 
bands;  operation  in  the  8  Me  band 
is  obtained  by  doubling  from  the  4 
Me  crystal.  Selection  of  the  desired 
frequency  is  accomplished  under 
control  of  the  remote  telephone  dial 
by  means  of  relays.  The  relays  for 
the  final  stage  use  Isolantite  sup¬ 
ports  for  the  contact  members  to 


FIG.  2 — Wall  phon*.  Crodl*  holds  tho 
hood  Mt  MCiiroly  in  hooTy  weather 
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FIG.  3 — Main  shore  station  at  Lorain  on  Lake  Erie.  Each  of  the  six  operator 
positions  has  push-button  selection  controlling  six  'tremsmitters  and  receiTors 


FIG.  4 — Sblp  radio  •quipmonl,  thowo 
with  tho  front  door  romoTod.  Tho  tix- 
iroquoncy  crTStol-controllod  tremsmlttor 
is  ot  tho  top.  Inunodiatoly  bolow  is 
tho  modulator  and  roloy  ossombly.  Oc¬ 
cupying  most  of  tho  spoco  in  tho  cobinot 
aro  six  rocoioors.  Tho  tronsmittor  Tolt- 
ogo  is  suppliod  by  tho  dynamotor  at  tho 
bottom.  Tho  soloctiTo  ringor  is  mountod 
on  tho  insido  of  tho  cobinot  door.  Motor 
iocks.  fuso  clips  ond  adiusting  scrows 
aro  at  tho  front  of  oach  unit  to  focilitato 
maintonanco  of  tho  ognipmoni 


reduce  losses.  Complete  shielding  is 
provided  between  the  oscillator  and 
final  stages.  Capacitance-coupling 
between  oscillator  and  final  reduces 
the  number  of  tuned  circuits  which 
must  be  switched. 

The  modulator  and  audio-fre¬ 
quency  stages,  together  with  the 
control  equipment,  are  mounted  on 
a  second  chassis,  shown  in  Fig.  7 
and  8.  Carbon  microphones  in  the 
hand  sets  and  the  two  stages  of 
speech  amplification  provide  suffi¬ 
cient  power  for  100  percent  modula¬ 
tion  of  the  carrier.  All  tubes  in  tbe 
transmitter  are  heated  during 
standby  periods  so  that  the  trans¬ 
mitter  may  be  started  instantly. 

P«atar*t  of  Ship  locoivor* 

Six  separate  complete  and  self- 
contained  superheterodyne  receivers 
constitute  the  receiving  system.  To 
insure  the  frequency  stability  nec¬ 
essary  for  permanent  tuning,  the 
local  oscillator  of  each  receiver  is 
crystal  controlled. 

The  use  of  six  complete  receivers 
insures  signal  reception  on  all  fre¬ 
quencies,  obviating  the  necessity 
for  switching  receiver  frequencies 
as  the  ship  passes  from  the  area 
served  by  a  shore  station  on  one 
frequency  into  that  of  another. 
This  assurance  that  calls  will  be 
received  at  all  times  on  any  of  the 
frequencies  employed  is  of  the  ut¬ 
most  importance  where  the  distance 
range  of  these  different  frequencies 
varies  with  time  of  day  and  season 
of  year.  Moreover,  separate  re¬ 
ceivers  for  each  frequency  make  it 
possible  to  receive  distress  calls  on 
the  frequency  assigned  for  such 
calls  while  at  the  same  time  calls 
can  be  received  on  the  working  fre¬ 
quencies.  Calls  can  also  be  received 


on  other  frequencies  if  one  of  the 
receivers  should  fail. 

Oparatiee  of  Shipbeerd  Eqaipmaxt 

In  making  a  call  the  ship  opera¬ 
tor  removes  the  hand  set  from  the 
cradle,  thereby  closing  the  micro¬ 
phone  circuit  and  also  starting  the 
dynamotor.  To  change  the  ship’s 
equipment  over  from  the  normal 
standby  condition  to  the  calling 
condition  the  ship  operator  dials  a 
two  digit  number.  This  number  de¬ 
termines  which  of  the  six  available 
channels  will  be  used  for  the  call. 
The  channel  to  be  used  is  chosen  on 
the  basis  of  the  type  of  service  de¬ 
sired  (ship-to-shore  or  ship-to- 
ship),  the  particular  shore  station 
being  called,  and  the  prevailing  at¬ 
mospheric  conditions. 

,  The  dial  in  the  telephone  unit 
transmits  a  number  of  pulses  cor¬ 
responding  to  the  digit  dialed. 
These  pulses  actuate  a  counting- 
chain  relay  system.  The  first  digit 
is  recorded  by  the  counting  system, 
which  then  locks  itself  so  that  fur¬ 
ther  dialing  will  not  change  this 
first  count.  This  prepares  the  trans¬ 
mitter  for  operation  on  the  particu¬ 
lar  channel  selected. 

In  addition  to  locking  itself  at 
the  end  of  the  first  series  of  dial 
pulses,  corresponding  to  the  first 
digit  of  the  channel  number,  the 
counting  system  also  switches  the 
common  outputs  of  the  receivers 
from  the  standby  loudspeaker  in 
the  hand  set  units,  connects  them 
to  the  hand  set  ear-phones,  and 
disconnects  the  plate  voltages  from 
all  the  receivers  except  the  one 
associated  with  the  dialed  channel. 

With  the  proper  channel  re¬ 
ceiver  connected  to  the  ear-phone 
the  operator  can  tell  by  listening 
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FIG.  5 — Slx-froguvacy  ahip  transmlttor  drcidt  Copocitaac*  conpUag  batw—a  oacUlotor  oad 
flaal  roducM  th«  aoBibar  oi  taaad  drcuita  whidi  must  ba  swltdiad.  Tha  iraquaacr- 
•alaclor  ratays  ora  octuotad  from  tha  chafa-couatiag  raloys  oa  tha  aiodulotor  chassis 
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F1G.  fi — Ship  trcrasmlttor  ckoasis  with  baad-changing  raloys 


FIG.  7 — Modnlotor  and  a>f  stogM.  with  chcda-coaatlag  relays 
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whether  or  not  that  channel  is  in  oxide  rectifiers  (used  to  keep  the  channel,  the  proximity  of  the 

use.  If  it  is,  he  hangs  up  and  number  of  tubes  whose  heaters  ship’s  transmitting  and  receiving 

dials  another  channel;  if  it  is  clear  must  be  kept  hot  to  a  minimum)  antennas  makes  this  precaution 

he  dials  the  second  digit  of  the  which  relay  closes  the  oscillator  necessary. 

channel  number.  To  prevent  put-  plate  circuit  of  the  transmitter,  Shortly  after  the  completion  of 

ting  the  transmitter  into  operation  and  shunts  out  2000  ohms  in  the  the  dialing  operation,  the  feedback 

on  a  busy  channel,  dialing  the  sec-  grid  circuits  of  the  modulator  and  circuit  in  the  first  audio  stage 

ond  digit  of  the  channel  number  r-f  final  stages,  thereby  reducing  opens.  As  a  result,  the  slow-re- 

causes  avc  voltage  from  the  re-  the  grid  bias  of  these  tubes  and  lease  voice-relay  takes  the  trans¬ 
ceiver  to  be  applied  to  a  6C6  “car-  putting  the  stages  into  operation,  mitter  off  the  air,  and  returns  the 

rier-tube’’  grid.  Should  the  se-  The  transmitter  goes  on  the  air  receiver  to  operation, 

lected  receiver  receive  a  radio  car-  modulated  at  300  cps.  Speaking  into  the  hand  set  micro- 

rier,  the  avc  voltage  developed  In  operating,  the  voice  relay  also  phone  produces  voice  signals  which, 
thereby  and  impressed  on  the  car-  inserts  25,000  ohms  in  the  plate  after  amplification  by  the  first 

rier  tube  prevents  the  flow  of  plate  supply  of  the  selected  receiver  stage  of  the  audio  amplifier, 

current  through  this  tube  and  to  prevent  its  operation  during  operate  the  voice  relay  as  did  the 

hence  through  the  transmitter  transmission.  Although  transmis-  300-cps  attention  tone.  The  voice 

plate  voltage  relay  which  is  in  its  sion  and  reception  are  on  slightly  relay  does  not  clip  words  between 

plate  circuit.  The  transmitter  is  different  frequencies  in  a  given  syllables  because  of  its  slow-releas- 

thus  locked  out  in  the  event  that 
the  channel  dialed  is  already  in  use. 

If  no  signal  is  received,  the 
plate-voltage  relay  operates,  ap¬ 
plying  plate  voltage  to  the  trans¬ 
mitter  and  closing  the  circuit  to 
the  transmitter  channel-selector 
relay  which  has  already  been  pre¬ 
pared  for  operation  by  the  dialing 
action  of  the  first  digit.  ‘  The 
transmitter  channel-relay  acts, 
placing  the  crystal  and  tuned  cir¬ 
cuits  for  the  selected  channel  into 
the  transmitter- circuit. 

The  plate  voltage  relay  has 
another  set  of  contacts  which  close 
to  apply  screen  voltage  to  the  6L6G 
first  audio  tube,  putting  that  tube 
into  operation,  and  also  closing  a 
feedback  circuit  in  this  stage  which 
converts  it  from  an  amplifier  to  a* 

300-cps  oscillator  to  generate  an  at¬ 
tention  tone. 

The  300-cps  tone  operates  a  slow- 

release  voice-relay  through  copper-  FIG.  8 — Ship  troasmittar  modulator  circuit  and  audio  ampliilor  circuits 
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To  achieve  this,  a  selective  ringer 
has  been  developed  which  makes  use 
of  tuned-reed  relays  aboard  ship  to 
distinguish  one  call  signal  from 
another. 
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The  shore  station  can  modulate 
its  carrier  at  any  one  of  seven  fre¬ 
quencies  lying  between  120  cps  and 
300  cps  by  dialing  digits  one  to 
seven  at  the  operator  position. 
Four  reed-relays  tuned  to  four  dif¬ 
ferent  frequencies  in  the  available 
seven-frequency  series  are  used  in 
the  selective  ringer  on  board  each 
ship. 

To  call  a  specific  ship  the  shore 
station  transmits  five  tone  pulses 
without  intervening  pauses.  This 
means  that  successive  pulses  must 
be  of  different  frequencies  to  be  dis¬ 
tinguished.  Also,  since  there  are 
but  four  tuned-relays  aboard  ship, 
one  of  the  reed  frequencies  must 
be  repeated.  This  arrangement 
gives  slightly  over  5000  possible 
combinations,  so  that  5000  ships 
may  be  called. 

The  shore  operator  dials  the  call 
number  of  the  ship  to  be  reached. 
At  the  ship  the  audio  impulses  are 
delivered  by  the  shore-to-ship  re¬ 
ceiver,  through  the  low-pass  filter 
which  prevents  operation  of  the 
selective  circuit  by  noise  or  voice, 
to  a  type  41  amplifier  tube  and 
thence  to  the  selective  ringer.  If 
the  first  pulse  is  of  the  frequency 
to  which  the  first  reed-relay  is 
tuned,  the  relay  operates,  connect¬ 
ing  the  receiver  to  the  next  relay  in 
the  series.  The  process  is  repeated 
as  long  as  the  pulses  are  of  the  re¬ 
quired  frequencies  to  operate  the 
relays.  If  at  any  time  the  frequency 
is  not  that  of  the  next  reed,  the 
circuit  is  opened  so  that  the  next 
pulse  can  not  operate  a  relay.  After 
all  five  pulses  have  been  properly 
received,  the  selective  ringer  rings 
a  bell  at  the  hand  set  location. 
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FIG.  9 — Block  diagram  oi  shore  station  remote-control  receiver. 


ing  action.  When  the  operator 
stops  speaking,  the  transmitter  is 
made  non-operating,  and  full  volt¬ 
age  is  applied  to  the  receiver.  . 

When  a  call  is  received  aboard 
ship  the  signal  from  the  shore  sta¬ 
tion  or  another  ship  passes  through 
a  low-pass  filter  whose  cut-off  is  300 
cps,  thereby  eliminating  noise  and 
voice  signals  from  succeeding  equip¬ 
ment.  In  the  case  of  calls  from 
shore  stations,  selective  ringing  is 
employed  (as  outlined  in  later  para¬ 
graphs).  The  receivers  of  the 
channels  reserved  for  shore-to-ship 
calls  have  their  outputs  connected 
to  the  selective-ringing  equipment 
through  the  low  pass  filter. 

The  emergency  and  general-call 
channel  receiver  is  wired  directly 
to  a  separate  speaker  without  a  low 
pass  filter  in  its  output  so  that 
general  and  emergency  calls  can  be 
made  by  voice.  In  this  way  emer¬ 
gency  calls  are  received  without  the 
delay  of  lifting  the  hand  set  from 
its  cradle. 

Calls  between  ships  are  made  on 
the  general-call  channel;  the  com¬ 
munication  itself  being  carried  on 
on  another  channel  to  which  both 
parties  switch  when  the  call  is  re¬ 
ceived. 

Calls  are  answered  by  dialing  the 
indicated  channel  as  in  making  a 
call. 


or  from  the  desired  land  party. 

To  eliminate  interference  from 
the  500-watt  shore  station  trans¬ 
mitters,  the  shore  receivers  are  lo¬ 
cated  several  miles  away  in  unat¬ 
tended  remote-control  stations. 

Each  receiver  has  two  directional 
antennas,  one  pointing  to  the  north¬ 
east,  one  to  the  northwest.  Each  re¬ 
ceiver  antenna  has  its  own  r-f 
stage.  The  r-f  stages  feed  to  a 
common  mixer  with  a  crystal  con¬ 
trolled  oscillator.  The  resulting  i-f 
is  fed  over  telephone  cable  pairs  to 
i-f  stages  at  the  shore  station,  as 
shown  in  Fig.  9. 

Because  the  transmitter  frequen¬ 
cies  of  different  ships  vary  within 
the  permissible  tolerances  of  the 
channel,  the  i-f’s  developed  by  the 
crystal-controlled  oscillator  differ 
from  ship  to  ship.  To  take  care  of 
these  individual  differences,  the  i-f 
stages  at  the  operator  positions  are 
made  tunable,  the  operator  tuning 
precisely  to  the  frequency  of  the 
ship  being  received.  This  method 
of  handling  the  signal  removes  the 
necessity  of  remote-control  tdhing 
of  the  unattended  r-f  stages  and 
mixers. 

The  gain  of  the  r-f  sections  as¬ 
sociated  with  each  of  the  direc¬ 
tional  antennas  is  controlled  over 
the  telephone  cable,  enabling  the 
operators  to  choose  the  antenna 
combinations  which  will  give  the 
Skor*  intallatioa*  clearest  sign^.  Since  all  channels 

A  typical  shore  installation  con-  must  be  continuously  available  for 
sists  of  six  operator-positions,  each  communication  the  shore  stations 
position  having  access  to  all  of  the  have  duplicate  transmitters,  one  for 
six  channels.  Each  operator  posi-  each  channel  handled  by  that  sta¬ 
tion  has  its  own  direct  line  to  the  tion,  and  an  emergency  transmitter, 
nearest  long-distance  tollboard,  When  calling,  the  shore  station 
from  which  connection  is  made  to  should  signal  only  the  ship  called. 


Voic*-CoNtroll«d  Tarmiaal  Raloys 

Terminal  connection  to  the  shore- 
party  land-line  is  voice-operated 
and  has  an  anti-noise  feature.  Sev¬ 
eral  terminal  systems  have  been 
tried;  the  present  system,  devel¬ 
oped  from  these  earlier  systems, 
takes  two  forms,  both  of  which  pro¬ 
vide  the  required  operating  char¬ 
acteristics. 

The  chief  problem  in  terminat- 
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ing  the  land  line  arises  from  the  re-  land  line  to  shore  receiver  or  trans- 
quirement  that  the  land  line  handle  mitter  as  the  conversation  de- 
rraffic  in  both  directions.  This  two-  mands.  Since  the  ship  transmitter 
way  traffic  must  be  divided,  the  goes  off  the  air  when  that  party 
transmission  going  to  the  shore  has  finished  talking,  it  seemed  pos- 
transmitter,  reception  coming  from  sible  to  operate  a  switching  relay 
the  shore  receiver.  The  transmis-  from  either  Rectified  voice  in  the 
sion  loss  over  the  land  line  is  about  shore  receiver  output  or  the  avc 
16  db,  with  the  result  that  there  is  voltage  developed  by  the  receiver  in 
a  differential  of  30  db  between  re-  the  presence  of  a  signal,  either 
ceiver  output  and  transmitter  in-  being  an  indication  that  the  ship 
put  under  the  operating  conditions  party  is  speaking.  However,  noise, 
which  provide  the  land  party  with  especially  in  the  summer  on  the  2 

adequate  signal  strength  at  the  Me  band  in  the  latitude  of  the  Great 

telephone  receiver.  Lakes,  is  so  severe  as  to  operate  a 

If  the  receiver  output,  transmit-  relay  so  controlled, 
ter  input  and  land  line  were  paral-  To  eliminate  the  effects  of  noise, 
leled,  the  shore  transmitter  would  a  noise-balancing  circuit  was  de- 

radiate  that  half  of  the  conversa-  veloped.  As  shown  in  Fig.  10,  i-f 

tion  received  from  the  ship  by  the  energy  from  the  receiver  is  con- 

shore  receiver,  as  well  as  that  from  verted  by  means  of  an  afe  oscil- 

the  shore  party.  This  means  that  lator  to  55  and  50  kc.  Noise  in  the 

a  receiver  tuned  to  the  shore  trans-  receiver  i-f  produces  ‘voltages  of 

mitter  would  receive  both  halves  of  equal  strength  at  these  two  fre- 

the  conversation.  quencies.  The  two  frequencies  so 

In  addition  to  this  undesirable  produced  are  rectified  and  applied 

lack  of  privacy,  and  since  the  ship  in  opposition  to  a  d-c  amplifier 

transmitter  is  off  the  air  while  the  which  operates  the  land-line  switch- 

shore  party  is  speaking,  the  shore  ing-relay.  Regardless  of  the  noise 

receiver — which  employs  avc — is  at  level  in  the  receiver  there  is  nb 

its  maximum  sensitivity  when  the  effective  voltage  applied  to  the  re¬ 
shore  party  is  talking.  Were  the  lay  amplifier  unless  a  modulated 

direct  connection  mentioned  above  carrier  is  present.  Then  the  volt- 

used,  the  noise  in  the  output  of  the  age  developed  in  the  55-kc  amplifier 

shore  receiver  would  be  added  to  will  increase,  unbalancing  the  sys- 

that  already  present  on  the  land  tern  and  operating  the  land-line 

line  and  fed  out  over  the  shore  relay. 

transmitter,  with  the  result  that  As  a  further  precaution  to  avoid 
there  would  be  an  abnormally  high  transfer  of  the  land  line  from  the 

noise-level  in  the  transmission  of  transmitter  to  the  'receiver  by  ran- 

the  shore  party.  dom  carriers  crossing  the  receiver 

Both  to  add  to  the  privacy  of  the  frequency  and  momentarily  inter¬ 
conversation  and  to  reduce  the  rupting  the  shore  party’s  transmis- 

noise  in  the  shore  party’s  transmis-  sion,  some  voice  signal  from  the 

sion,  it  is  desirable  to  switch  the  shore  party  is  amplified  and  recti¬ 


fied  and  us^  to  lock  the  land-line 
relay  to  the  transmitter  position. 

The  second  system  in  use  at  pres¬ 
ent,  shown  in  Fig.  11,  is  one  which 
(because  of  its  greater  simplicity) 
is  displacing  the  previously  de¬ 
scribed  system.  It  works  on  the 
same  principle  of  balancing  out  two 
noise-voltages. 

In  this  system  one  noise-voltage 
is  taken  from  the  superaudible 
noises  present  in  the  receiver;  the 
other  is  taken  from  the  audible 
noise  voltages.  As  in  the  earlier 
system,  these  two  noise-voltages  are 
balanced,  rectified' and*  applied  to 
the  d-c  amplifier  of  the  land-line 
switching-relay.  When  a  modulated 
carrier  is  present,  the  audible  fre¬ 
quencies  predominate,  unbalancing 
the  system.  If  there  is  no  voice- 
voltage  on  the  land  line  from  which 
the  relay  is  locked  to  the  transmit¬ 
ter,  the  presence  of  a  modulated 
carrier  in  the  receiver  switches  the 
line  to  the  shore  receiver  output. 

This  automatic  ship-radiotele¬ 
phone  system  serves  the  ships  of 
over  30  different  companies  operat¬ 
ing  on  the  Great  Lakes.  The  con¬ 
centration  of  shipping  in  this  area, 
the  cooperation  of  many  shipping 
companies,  the  spirit  of  mutual  as¬ 
sistance  against  spring  fog  and 
storms  on  the  part  of  the  ship  cap¬ 
tains,  and  the  absence  of  inter¬ 
national  antagonism  has  made  it 
economically  feasible  to  develop  this 
communication  network. 

Regular  inspection  and  servicing 
of  the  marine  equipment,  even  to 
the  extent  of  dispatching  a  service¬ 
man  by  airplane  in  case  of  faulty 
operation,  has  assured  the  reliable 
operation  of  the  system. — F.R. 
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FIG.  10 — Frequency-controlled  heterodyne  oscillator  produces 
tvro  signals,  equal  in  the  presence  oi  noise,  unequal  in  the 
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Aircidaft  Vibration  Analyzer 


Installed  in  an  airplane  for  tests  during  flight,  this  electronic  device  provides  an  instan¬ 
taneous  indication  and  a  graphical  record  of  the  amplitude  of  vibration  of  the  power 
plant,  structural  members  and  controls  at  certain  fixed  frequencies  related  to  engine  speed 


FIG.  1 — CuTTM  thowing  ribrotioB  irequcncy  for  Tori- 
oui  "ordort"  dt«cu««od  in  the  text  ai  engine  speed  earies 


ONE  important  element  of  air¬ 
craft  design  is  the  elimina¬ 
tion  of  excessive  vibration  of  the 
power  plant  and  plane  structure 
during  operation.  The  appearance 
of  excessive  vibration  at  various 
operating  conditions  may  cause 
rapid  wear  or  failure  of  vital  ele¬ 
ments  of  the  engines  or  plane  struc¬ 
ture.  In  addition,  the  pilot’s  flying 
and  combat  ability  are  adversely  af¬ 
fected  by  vibration  of  the  plane’s 
controls,  especially  on  long  flights. 
While  theoretical  considerations 
and  results  of  experience  are  util¬ 
ized  to  minimize  dangerous  vibra¬ 
tory  excursions,  it  is  always  neces¬ 
sary  to  analyze  the  plane’s  opera¬ 
tion  in  flight  in  an  early  model. 
This  necessity  results  from  the  in¬ 
corporation  of  modifications  whose 
effect  cannot  be  foreseen,  such  as 
greater  power,  higher  speeds,  low¬ 
ered  weight,  new  propellers,  etc. 

n 


Methods  of  measuring  vibrations 
in  planes  in  flight  have  been  under 
development  for  a  number  of  years. 
Each  of  these  has  possessed  advan¬ 
tages  but  all  have  suffered  from  the 
fact  that  a  considerable  expenditure 
of  time  has  been  necessary  either 
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during  flight  or  while  analyzing  the 
data.  In  addition,  some  methods 
have  been  liable  to  errors  resulting 
from  the  fact  that  data  must  be  re¬ 
corded  and  plotted  by  an  observer. 
To  overcome  these  defects,  general 
requirements  were  formulated  for 
an  automatic  system  by  the  Pratt 
&  Whitney  Aircraft  Division  of  the 
United  Aircraft  Corp.  The  auto¬ 
matic  vibration  analyzer  was  de¬ 
signed  to  these  requirements  by  the 
Bell  Telephone  Laboratories  and 
manufactured  by  the  Western  Elec¬ 
tric  Co.  This  analyzer  in  conjunc¬ 
tion  with  an  electrical  vibration 
pickup  and  a  recorder  produces  a 
curve  of  the  amplitude  of  vibratory 
velocity  at  a  given  multiple  or  order 
of  engine  speed  versus  engine  rpm. 

Natvr*  of  Vibrations 

Engineers,  in  their  studies  of 
aircraft  vibration,  have  discov¬ 
ered  that  for  the  most  part  power 
plant  exciting  forces  originate  as 
a  result  of  one  or  more  of  the  three 
following  conditions:  First,  they 
may  be  the  result  of  inertia  unbal- 
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FIG.  3 — Th*  tMt  Mtup.  complel*  Mcapt  for  tho  rocording-. 
pon  unit  Loft  to  right:  tachomotor;  control  unit  for  cmolyxor 
and  rocordor;'  copocitor-driTO  mochoniim  and  oMociotod 
omplifior  mod*  by  tho  Brown  Instrumont  Co.,  analyzor  powor 
■upply  and  control  unit  for  capacitor  driTo 


ances  in  the  engine  or  propeller; 
second,  they  may  result  from  forces, 
generated  by  burning  gases  in  the 
engine  cylinders;  and  third,  they 
may  emanate  from  aerodynamic 
forces  acting  on  the  propeller.  Fur¬ 
ther,  they  have  found  that  these 
vibration-exciting  forces  occur  at 
frequencies  corresponding  to  defi¬ 
nite  multiples  of  engine  rpm. 

To  measure  and  analyze  engine 
vibrations  successfully,  it  is  impor¬ 
tant  to  obtain  the  amplitude  of  vi¬ 
bration  at  each  of  several  fre¬ 
quencies  for  each  of  a  number  of  en¬ 
gine  speeds  in  the  operating  range 
of  the  standard  airplane  motor. 
Consequently,  twenty-three  fre¬ 
quencies  expressed  in  terms  of  mul¬ 
tiples  of  engine  speed,  commonly 
referred  to  as  "orders,”  were  spe¬ 
cified  for  which  analyzer  tuning 
would  be  required.  (In  addition,  it 
was  requested  that  provisions  be 
made  for  five  subsequent  orders  to 
be  specified  at  a  later  date.)  The 
final  selection  of  orders  was  based 
on  possible  exciting  forces  result¬ 
ing  from  a  number  of  different  en¬ 
gine-propeller  combinations.  These 
orders  are  listed  in  Table  I. 

Since  the  speed  range  of  the 
standard  airplane  motor  is  assumed 
to  be  between  500  and  3000  rpm 
(8.33  and  50  rps),  the  actual  fre¬ 
quencies  involved  cover  a  range 
from  the  lowest  of  the  twenty-three 
orders  at  the  lowest  engine  speed  to 
the  highest  order  at  the  highest  en¬ 
gine  speed.  Thus  the  frequencies, 
being  definite  multiples  of  engine 
rps,  will  range  from  3.33  to  500  cps. 
Because  of  the  difficulty  of  separat¬ 


ing  the  low  frequencies,  however, 
the  full  accuracy  of  the  analyzer  is 
not  realized  below  5.5  cps. 

To  illustrate  the  relation  betw’een 
vibrational  frequencies  and  engine 
speed,  several  tjrpical  curves  are 
provided  in  Fig.  1.  These  curvps  are 
plots  of  the  relationship  /  =  fcs/60 
where  /  is  the  frequency  in  cps  at 
which  the  vibration  occurs,  s  is 
the  motor  speed  in  rpm,  and  k  is 
one  of  the  23  pre-selected  orders. 


TABLE  I.  ORDERS  (Multiples  oi  engine 

speed) 


2/5 

8  3 

1/2 

3/1 

9/16 

7/2 

2/3 

4/1 

1/1 

9/2 

6/5 

5/1 

3/2 

11/2 

8/5 

7/1 

27/16 

8/1 

2/1 

9/1 

9/4 

10  1 

5/2 

In  locating  the  source  of  the  vi¬ 
bration  the  key  to  the  source  is  not 
the  actual  frequency  at  which  it 
occurs  but  the  particular  order  of 
vibration,  k.  Knowing  the  value  of 
k,  the  possible  sources  of  the  ex¬ 
citation  are  considerably  narrowed 
down.  Although  it  would  be  pos¬ 
sible  to  measure  the  frequency  / 
at  which  the  vibration  occurs  and 
determine  the  engine  speed  s,  then 
substitute  these  values  in  the  above 
equation  and  solve  for  k,  this  is 
not  desirable  due  to  the  fact  it 
would  require  searching  for  vibra¬ 
tion  at  all  frequencies  within  the 
band  from  3.33  to  500  cps. 

Asalywr  Circuit  Dusigu 

The  automatic  analyzer  plots  a 
curve  showing  the  relationship  be¬ 
tween  the  amplitude  of  the  vibra¬ 
tion  and  the  engine  speed  for  one 
particular  order  at  a  time.  The 
actual  frequency  of  vibration,  /, 
may  be  readily  determined  from  the 
previously  mentioned  frequency 
equation. 

In  order  to  more  fully  understand 
(Continued  on  page  180  > 
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Fading  Effects  at  i 


Rack*  oi  receiYers  used  ior  diyersity  rsception  at  high 
iroquencie*  in  th«  RCA  recairing  station  at  RiToihead.  N.  Y. 


The  field  strength  of  a  distant 
transmitter  operating  at  fre¬ 
quencies  between  4  and  24  Me  may 
vary  over  a  wide  range.  Diurnal 
and  seasonal  variations,  and  slow 
shifts  with  the  sunspot  cycle,  may 
be  largely  if  not  entirely  overcome 
by  the  proper  choice  of  carrier  fre¬ 
quencies.  There  remains,  however, 
the  problem  of  insuring  satisfac¬ 
tory  reception  during  short-period 
variations,  commonly  called  fading. 

This  problem  is  of  particular  im¬ 
portance  to  the  commercial  com¬ 
munications  services,  including  tel¬ 
egraph,  printing  telegraph,  picture 
transmission  and  facsimile,  tele¬ 
phone  and  program  services.  All 
are  adversely  affected  in  one  way 
or  another  by  fading.  No  single 
solution  for  all  types  of  fading  and 


services  has  yet  been  disclosed  or 
put  into  commercial  use. 

It  is  the  purpose  of  this  paper  to 
give  a  coordinated  picture  of  the 
general  problem,  the  methods  of 
attack  employed  so  far,  and  the  ad¬ 
vantages  or  disadvantages  of  each 
method.  Violent  interruptions  or 
drop-outs  lasting  from  several  min¬ 
utes  to  several  hours  or  days, 
caused  by  terrestrial  magnetic  dis¬ 
turbances  or  sun  spot  activity,  will 
not  be  dealt  with. 
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Types  of  Fading 

Short-period  variations  in  the 
signal  delivered  by  the  receiving 
antenna  may  be  of  several  kinds. 
The  term  fading  will  be  taken  to 
include  any  such  variation  which 
has  a  time  duration — from  normal 


to  subnormal  or  abnormal  and  back 
to  normal — of  less  than  one  min¬ 
ute  roughly  speaking,  and  generally 
less  than  one  second.  The  various 
types  will  be  identified  by  their  out¬ 
standing  characteristics  and  effects. 

The  simplest  case  is  that  in 
which  the  carrier  and  all*  modula¬ 
tion  sidebands  vary  in  intensity  si¬ 
multaneously  and  in  the  same  pro¬ 
portion.  This  may  be  a  20  db  drop 
(10  to  1  in  field  intensity),  or  con¬ 
siderably  greater.  Regardless  of 
the  depth  to  which  the  signal  fades, 
carrier  and  sidebands  retain  their 
original  relative  strengths.  The 
signal  becomes  weak,  and  may  even 
drop  below  the  noise  level,  but  there 
is  no  noticeable  distortion. 

Theoretically  at  least,  this  simple 
type  of  fading — in  amplitude  or 
depth  only — may  be  caused  either 
by:  (1)  a  change  in  the  reflection 
or  refraction  of  a  single  ray  by  the 
ionized  layer  then  effective  in 
propagating  the  signal  to  the  re¬ 
ceiving  point;  or  (2)  out-of -phase 
addition,  and  thereby  partial  can¬ 
cellation,  of  two  or  more  rays  arriv¬ 
ing  over  paths  of  slightly  different 
apparent  lengths.  Such  out-of¬ 
phase  arrival  of  two  or  more  rays 
at  the  receiving  antenna  gives  rise 
to  a  number  of  different  effects. 

The  interference  pattern  re¬ 
sulting  from  the  out-of -phase  ar¬ 
rival  of  two  or  more  rays  sweeps 
across  any  given  point  at  which  a 
receiving  antenna  may  be  located. 
At  a  given  instant,  and  for  any 
specific  and  discrete  frequency, 
areas  or  bands  of  maximum  and 
minimum  field  intensity  just  above 
the  surface  of  the  earth  (at  an- 
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High  Frequencies 


Commercial  communications  services  operating  between  4  and  24  Me  are  adversely 
affected  by  field-strength  variations  of  less  than  one  minute  duration.  The  precise  na¬ 
ture  of  the  problem  depends  upon  the  type  of  service.  Practical  methods  of  minimizing 

drop-outs,  distortion  and  errors  are  reviewed. 


tenna  height)  will  occur  along  the 
direction  of  propagation  as  shown 
in  Fig.  1.  Generally,  the  slower  the 
fading  the  greater  the  area  covered 
by  any  one  such  maximum  or  mini¬ 
mum. 

The  interference  pattern  also 
sweeps  across  the  frequency  spec¬ 
trum,  the  frequency  separation  be¬ 
tween  maxima  and  minima  varying 
greatly.  Here  i^ain,  the  slower  the 
fading  the  more  widely  separated 
the  maxima  and  minima. 

In  view’  of  the  statements  just 
made,  we  may  say  that  slow  fading 
generally  covers  a  large  geographi¬ 
cal  area  and  a  wide  band  of  fre¬ 
quencies. 

As  the  fading  becomes  more 
rapid,  due  to  the  interference  pat¬ 
terns  —  space  and  frequency  — 


sweeping  across  the  surface  of  the  fers  by  an  amount — measured  in 
earth  and  across  the  frequency  milli-seconds — which  is  appreciable 
spectrum,  the  areas  of  maxima  and  compared  to  the  time  of  duration 
minima  apparently  become  smaller  of  a  telegraph  dot  or  of  a  small 
and  the  separations  between  fre-  element  in  material  being  trans- 

quencies  having  simultaneous  max-  mitted  by  radio-photo  (facsimile), 

imum  and  minimum  field  strengths  This  is  commonly  referred  to  as  the 
also  become  less.  Under  such  con-  multi-path  effect, 
ditions  not  only  are  there  ra^jid 
variations  in  field  strength  of  all 
frequencies  within  a  particular 
band,  but  also  different  discrete 
frequencies,  or  very  narrow  bands 
of  frequencies,  do  not  fade  in  uni¬ 
son,  The  result  is  so-called  selec¬ 
tive  fading. 

Another  effect  resulting  from  si¬ 
multaneous  arrival  of  two  or  more  (1)  Slow-speed  telegraphy 

rays  over  paths  of  appreciably  dif-  (2)  High-speed  telegraphy  and 

ferent  length  is  encountered  when  multiplex 

the  time-of-arrival  of  the  rayS  dif-  (3)  Radio-photo  or  facsimile 


Effects  of  Fading 

The  practical  effects  of  the  vari¬ 
ous  type  of  fading  shown  in  Fig. 
2  can  best  be  discussed  in  relation 
to  specific  types  of  radio-communi¬ 
cation  service.  A  convenient  classi¬ 
fication,  for  this  purpose,  is: 


Min. 


FIG.  2 — Ganoral  typos  oi  iading:  (a)  normal  signal:  (b)  dis- 
torttonloss  and  non-soloctiTO  fads:  (c)  soloctiTO  lading  oi  o 
corrior;  (d)  soloctiTO  ioiding  oi  sidobonds 


FIG.  I — A  typical  intorioronco  pottom.  showing  areas  or 
bonds  oi  mazimam  ond  twintmnm  field  intensity.  Antennas 
arranged  lor  spoce  dirersity  recepfion  are  shown  as  boxes 
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Selective  fading  may  affect  envel¬ 
ope  formation  when  the  funda¬ 
mental  and  necessary  harmonics  of 
the  keying  frequency  run  to  200 
X  3  o^  600  cps  or  higher.  That  is, 
sidebands  removed  thi»-  tar  from 
the  carrier  may,  under  conditions  of 
extreme  selective  fading,  fade  dif¬ 
ferently  than  does  the  carrier,  and 
an  originally  rectangular  envelope 
shape  will  suffer  malformation. 

(S)  Radio-photo  and  facsimile 
keying  speeds  and  sideband  fre¬ 
quencies  generally  run  considerably 
higher  than  for  high-speed  tele¬ 
graphic  service.  Roughly,  we  may 
set  an  upper  limit  of  3000  cps  for 
systems  now  in  use.  Such  trans¬ 
missions  obviously  will  be  adversely 
^affected  by  general  fading  in  depth, 
by  multi-path  propagation,  and  by 
selective  fading.  The  effects,  as  ob¬ 
served  in  the  recorded  picture,  may 
be  streaks,  widened  or  elongated 
elements  of  the  picture  subject  mat¬ 
ter,  and  loss  of  detail. 

(4)  Telephone  and  program  serv¬ 
ice  sidebands  require  some  3000  or 
5000  cps,  respectively.  General  fad¬ 
ing,  in  depth  only,  reduces  the  mod¬ 
ulation/noise  ratio.  Depending  upon 
the  action  of  the  receiving  system 
and  equipment,  this  may  produce  a 
falling  and  rising  level  of  modula¬ 
tion  output  (from  the  loudspeaker) 
or  a  rising  and  falling  noise  level. 

Selective  fading  produces  distor¬ 
tion  having  characteristics  which 
depend  both  on  the  nature  of  the 
selective  fading  and  on  the  type  of 
receiving  system  and  equipment 
used.  One  particularly  bothersome 
type  of  distortion  occurs  when  the 
carrier  fades  but  the  sidebands 
remain.  The  upper  and  lower  side¬ 
bands,  in  the  case  of  double-side- 
band  transmission,  then  beat  only 
with  each  other  instead  of  with  the 
carrier.  The  resulting  second-har¬ 
monic  products  are,  as  is  well 
known,  a  very  annoying  form  of 
distortion  of  the  original  and  in¬ 
tended  speech  or  music. 


station 

building 


FIG.  3 — A  "iplit".  showing  ths  ofioct 
of  multi-poth  propagotidn  on  tho  forma¬ 
tion  of  a  higfa-spood  tolograph  dot.  (a) 
Tho  first  signai  rocoirod;  (b)  tho  do- 
layod  ray  signal;  (c)  tho  rosultant 


FIG.  4 — A  spaco  dioorsity  ontonna  lay¬ 
out.  Throo  diroctiTO  antonnas  (shown 
as  roctonglos)  aro  placod  a  numbor  of 
woTolongths  apart,  at  tho  comors  of  an 
isoocolos  trionglo 


(4)  Telephone  and  program 
services 

This  classification  is  based  on 
spieeds,  or  band  widths,  required. 

(1)  Slow-speed  telegraphy  is  af¬ 
fected  chiefly  by  the  slower  type  of 
fading,  in  which  the  predominant 
factor  is  simultaneous  variation  of 
the  received  field  strength  of  the 
carrier  and  all  necessary  sidebands. 

Taking  the  arbitrary  upper  limit 
of  20  dots  or  square  cycles  per 
second  for  this  class  of  service,  and 
considering  that  the  third  harmonic 
of  the  fundamental  keying  fre¬ 
quency  is  all  that  is  needed  for 
reasonably  good  envelope  forma¬ 
tion  of  the  dots  and  dashes,  we  see 
that  the  total  band  width  involves 
only  3  X  20,  or  60  cps.  Observation 
has  shown  that  such  sidebands  sel¬ 
dom,  if  ever,  fade  differently  than 
the  carrier  with  which  they  are 
associated.  So-called  selective  fad¬ 
ing  therefore  is  not  a  serious  fac¬ 
tor  in  this  type  of  service. 

Multi-path  propagation  normally 
does  not  bother  such  slow-speed 
service.  The  time  duration  of  a  dot, 
at  50  words  per  minute,  is  25  milli¬ 
seconds.  Difference  in  time  of  ar¬ 
rival,  as  between  two  or  more  rays, 
normally  runs  to  a  maximum  of 
only  about  3  milli-seconds.  An  ex¬ 
ception  is  the  occasional  case  of 
long-delayed  echos,  the  delay  of 
which  is  comparable  to  or  greater 
thun  the  time  duration  of  a  tele¬ 
graph  dot  or  similar  signalling  ele¬ 
ment. 

(2)  High-speed  telegraphy  in¬ 
cludes  high-speed  Morse  or  printer 


operations  and  multiplex  services  in 
which  keying  speeds  may  run  to 
260  dots  per  second  (square  cycles 
per  second).  At  such  speed  the 
time  duration  of  a  telegraph  dot  or 
multiplex  keying  element  amounts 
to  only  2.5  milli-seconds. 

It  will  be  apparent,  from  state¬ 
ments  made  in  preceding  para¬ 
graphs,  that  multi-path  propaga¬ 
tion  can  seriously  interfere  with 
such  high-speed  telegraphic  trans¬ 
missions.  A  delayed  signal,  arriving 
over  a  longer  path,  will  result  in  a 
dot  being  elongated,  the  overall 
effect  being  to  make  the  mark/ 
space  ratio  not  50/50  but  perhaps 
as  heavy  as  90/10  or  even  100/0. 

Satisfactory  reception  and  tran¬ 
scription  then  becomes  extremely 
difficult  or  impossible. 

Another  effect,  due  to  multi-path 
propagation,  is  cancellation  of  por¬ 
tions  of  a  dot.  A  common  form  of 
malformation,  or  split,  is  due  to 
out-of-phase  addition  during  the 
time  when  both  the  initial  and  the 
delayed  rays  are  being  received,  the 
resulting  signal  dot  then  consisting 
of  an  initial  short  pulse  due  to  the 
ray  which  arrived  first,  a  period  of 
very  low  or  practically  zero  signal 
strength  during  the  overlapping  of 
the  received  rays,  and  a  final  short 

pulse  due  to  the  delayed  ray  only.  Rcduciag  th*  Effccti  of  Fading 
The  resultant  is  shown  in  Fig.  3. 

The  duration  and  depth  of  the  split,  The  most  commonly  used  method 
in  a  dot,  depends  upon  the  speed  for  combatting  and  minimizing  the 
of  telegraphic  transmission,  the  undesirable  effects  of  fading  is 
relative  amount  of  delay  between  automatic  gain  control  (age), 
rays  arriving,  and  relative  phases  known  in  some  types  of  equipment 
and  amplitudes  of  the  arriving  rays,  as  automatic  volume  control  (avc). 
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This  method  maintains  a  reason¬ 
ably  constant  reference  level  for 
any  speech  or  music  modulation.  It 
is  effective  against  the  slower,  gen¬ 
eral  fading  in  which  the  carrier  and 
all  sidebands  fade  essentially  in 
unison  and  in  the  same  proportion. 

If  the  age  system  is  designed  to 
act  too  rapidly,  it  will  follow  the 
lower  modulation  frequencies  and 
actually,  to  a  considerable  degree, 
remove  these  modulation  compon¬ 
ents  from  the  final  output  signal 
delivered  to  a  loud  speaker  or  other 
utilization  device  or  circuit.  This 
action  is  sometimes  referred  to  as 
demodulation  of  the  carrier.  (This 
use  of  the  term  demodulation  should 
not  be  confused  with  final  rectifica¬ 
tion,  or  detection,  to  which  the  term 
demodulation  often  and  unfortu¬ 
nately  is  applied.) 

Automatic  gain  control  to  take 
care  of  general  fading  of  the  slower 
type,  is  usually  used  in  combination 
with  other  methods  that  are  de¬ 
scribed  in  following  sections.  For 
convenience,  these  methods  are 
listed  here: 

Frequency  diversity 
Space  diversity 
Polarization  diversity 
Ray  selection  and  diversity 
Limiting 

Frequency  and  phase  modula¬ 
tion 

Exalted-carrier  receivers 
Single-side-band. 

These  general  methods  will  be 
taken  up,  separately,  in  following 
sections. 

Fraqiicney  Diversify 

This  general  method  derives  its 
name  from  the  diversity,  or  differ¬ 
ence,  of  fading  that  often  exists  on 
frequencies  which  may  be  separ¬ 
ated  by  as  little  as  500  cps  or  less. 
While  the  basic  principle  has  rather 
wide  possibilities,  its  practical  ap¬ 
plication  has,  for  various  reasons, 
been  pretty  much  limited  to  tele¬ 
graphic  services  in  which  the  trans¬ 
mission  of  intelligence  is  accom¬ 
plished  by  keying  an  r-f  carrier  on 
and  off.  The  simplest  and  probably 
most  widely  used  system  or  method 
has  as  its  purpose  the  improvement 
of  rudio-telegraphic  communication 
without  resort  to  elaborate  and  ex¬ 
pensive  receiving  systems  and 
equipment.  This  particular  method 


will  be  described,  by  way  of  illus¬ 
tration. 

In  the  radio  transmitter,  the  car¬ 
rier  frequency  is  varied  or  modula¬ 
ted  in  any  manner  which  will  pro¬ 
duce  sidebands  extending  roughly 
1  kc  each  side  of  the  carrier.  A 
common  method  of  accomplishing 
this  is  to  phase-modulate  the  master 
oscillator  by  means  of  a  tone  fre¬ 
quency  in  the  neighborhood  of  600 
cps.  The  resulting  distribution  of 
energy,  in  sideband  frequencies  on 
each  side  of  the  carrier,  is  deter¬ 
mined  by  the  degree  of  modulation. 
A  limited  number  of  sidebands, 
spaced  600  cps,  is  a  practical  com¬ 
promise  between  the  wide  separa¬ 
tion  desirable  for  obtaining  the 
maximum  benefits  of  diversity  of 
fading  on  the  one  hand,  and  the 
disadvantages  of  interference  to 
signals  on  adjacent  channels  on  the 
other.  However,  distribution  of  the 
total  available  power  between  the 
carrier  and  a  large  number  of  dis¬ 
crete  sideband  frequencies  means 
less  power,  and  therefore  less  field 
intensity,  on  any  one  frequency. 

Rapid  fading  which  would  chop 
or  split  characters,  in  the  case  of  a 
pure  c-w  carrier,  also  manifests  it¬ 
self  as  selective  fading  which 
sweeps  across  the  frequency  spec¬ 


trum.  At  the  receiving  station, 
therefore,  the  adverse  effects  of 
such  fading  are  minimized  by  the 
employment  of  frequency  diversity 
— the  reception  of  a  number  of  sep¬ 
arate  frequencies  instead  of  a  pure 
carrier. 

Space  Diversity 

This  system  makes  use  of  the  di¬ 
versity  of  fading  existing  at  geo¬ 
graphically  separated  points,  spe¬ 
cifically  at  receiving  antennas 
which  are  spaced  a  number  of  wave¬ 
lengths  from  one  another.  Due  to 
the  fact  that  the  system  does  not 
depend  upon  or  require  any  special 
type  of  signal,  but  may  be  used  for 
reception  of  all  types  of  high-fre¬ 
quency  signals  and  services,  it  has 
been  widely  adopted. 

Three  antennas  generally  are 
used,  as  shown  in  Fig.  4.  They  may 
be  of  any  type,  directional  or  not, 
and  are  placed  at  the  comers  of  an 
isosceles  triangle.  The  exact  shape 
and  orientation  of  this  base  tri¬ 
angle  with  respect  to  the  desired 
direction  of  reception  is  not  crit¬ 
ical. 

Generally  speaking,  spacing  be¬ 
tween  the  several  antennas  should 
be  greater  for  use  at  the  lower  fre¬ 
quencies  than  at  the  higher  fre- 


FIG.  5 — In  Uiii  tpoce  divvrsity  rvcvptton  lystem  th«  rvetilied  output  of  throe 
receivers  is  combined,  operating  the  keyer  and  also  supplying  bios  for 
automatic  gain  control 
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.quencies  for  good  diversity  perfor¬ 
mance.  A  figure  of  about  ten  wave¬ 
lengths  or  a  compromise  of  about 
1000  feet  is  generally  to  be  recom¬ 
mended,  although  diversity  of  fad¬ 
ing  can  be  observed  between  an¬ 
tennas  spaced  much  less  than  this. 
However,  the  greater  the  spacing, 
the  slower  the  fading  on  which  di¬ 
versity  action  can  be  expected  to  be 
obtained. 

In  such  systems  a  transmission 
line  of  a  type  having  low  inherent 
pickup  conducts  the  r-f  signal  volt¬ 
ages  from  each  antenna  to  a  sep¬ 
arate  receiver.  The  outputs  from 
these  three  receivers  then  are  either 
combined  or  switched,  the  object 
being  to  insure  that  the  utilized 
output  signal  will  at  any  and  every 
instant  be  derived  either  wholly 
or  chiefly  from  the  antenna  at 
which  the  best  signal-to-noise  ratio 
exists  at  that  instant. 

•  In  telegraph  service,  and  others 
that  similarly  employ  on-off  keying 
of  the  carrier,  general  practice  is  to 
combine  the  rectified  outputs  from 
the  final  detectors  of  the  several 
receivers.  This  combined,  rectified 
output  controls  a  keying  tube  or 
tubes  and  also  supplies  bias  voltage 
for  automatic  gain  control  as  shown 
in  Fig.  6.  The  purpose  of  combin¬ 
ing  after  final  rectification  is  to  in¬ 
sure  that  the  outputs  from  the  sev¬ 
eral  receivers  will  always  be  addi¬ 
tive.  If  combining  in  the  r-f  or  i-f 
portions  of  the  equipment  is  at¬ 
tempted,  addition  and  cancellation 
effects  will  be  experienced  due  to 
the  varying  phase  relationships  be¬ 
tween  the  several  signals.  This 
would,  in  effect,  create  another  in¬ 
terference  pattern. 

Proper  use  of  this  diversity  sys¬ 
tem  and  action,  together  with  age 
to  handle  slow  and  area-wide  fad¬ 
ing,  results  in  a  great  improvement 
in  reliability  and  accuracy  of  tele¬ 
graphic  communication.  This  is  due 
to  the  fact  that  at  practically  every 
instant,  during  the  useful  period  of 
the  day  for  any  given  signal,  the 
field  strength  seldom  simultaneously 
drops  to  the  noise  level  at  all  three 
antennas.  Drop-outs,  splits  and  fills 
are  thereby  prevented  from  ap¬ 
pearing  in  the  final  output  signal 
delivered  by  the  syst^  and  equip¬ 
ment. 

In  telephone  and  program  serv¬ 


ices,  and  in  others  which  employ 
variable  depth  of  amplitude  modu¬ 
lation  rather  than  on-off  keying,  ap¬ 
plication  and  use  of  the  space  di¬ 
versity  principle  is  attended  by 
certain  complications  not  met  in 
the  case  of  telegraph  service.  This 
is  due  to  the  fact  that  the  audio-fre¬ 
quency  modulation  envelopes  of  the 
several  signals,  delivered  by  the 
separate  antennas  and  their  re¬ 
ceivers,  vary  in  phase.  That  is, 
their  phases  vary  with  relation  to 
each  other  as  the  field-interference 
pattern  sweeps  across  the  antenna 
locations.  Combining  two  or  more 
such  rectified,  modulated  outputs 
of  approximately  equal  strengths 
but  out  of  phase  results  in  a  dis- 


degree  of  inherent  switching  action, 
caused  by  operation  of  the  final  di¬ 
odes  of  the  several  receivers  into 
their  common  load  circuit  in  which 
the  combining  of  outputs  is  accom¬ 
plished.  This  action  is  to  completely 
cut  off  the  output  or  contribution 
from  the  diodes  of  one  or  two  re¬ 
ceivers  when  the  output  from  an¬ 
other  rises  appreciably  above  them. 
As  a  result  of  the  common  age,  and 
also  of  the  diode  action  described, 
a  ratio  of  antenna  voltages  of  as 
little  as  two  to  one  (or  less)  may 
result  in  the  entire  output  signal, 
in  the  combining  circuit,  being  sup¬ 
plied  by  the  one  receiver  momen¬ 
tarily  having  the  strongest  antenna 
signal. 

The  result  ef  this  switching 
action  is  that  distortion  occurs  only 
at  those  instants  when  the  signal 
delivered  by  one  antenna  is  in¬ 
creasing  in  strength  and  that  de¬ 
livered  by  another  antenna  is  de¬ 
creasing  in  strength  and  the  two 
momentarily  are  about  equal  in  am¬ 
plitude  but  differ  in  phase.  This 
effect  is  minimized  by  reducing  the 
value  of  the  differential,  between 
the  two  signals,  required  to  ef¬ 
fectively  switch ;  that  is,  by  cutting 
off  the  weaker  and  permitting  the 
stronger  to  contribute  the  entire 
output  current  present  in  the  com¬ 
bining  circuit.  Reduction  of  the 
required  differential  results  in  more 
rapid  switching,  and  thereby  re¬ 
duces  the  time  duration  of  the  dis¬ 
tortion  that  is  experienced. 

Proper  use  of  space  diversity 
action,  together  with  age,  insures 
the  best  possible  signal-to-noise 
ratio  at  every  instant,  and  main¬ 
tains  that  ratio  at  a  more  nearly 
constant  value  than  is  possible  by 
the  use  of  a  single  receiver.  On 
very  rapid  fading,  which  may  also 
be  quite  deep,  the  second  and  third 
receivers  fill  in  during  those  very 
brief  but  rapidly  occurring  in¬ 
stants  when  the  signal  from  the 
first  antenna  is  practically  zero. 

Polariiation  Diveriity 

Where  space  is  not  available  for 
the  erection  of  antennas  separated 
by  some  hundreds  of  feet,  use  can 
be  made  of  polarization  diversity 
reception.  The  fact  that  the  po¬ 
larization  of  a  received  wave  does 
not  remain  constant,  but  varies 


FIG.  6 — "Bundles"  or  groups  of  req^ 
frequently  arrive  at  the  receiving  point 
at  different  angles.  Antenna  systems 
having  variable  vertical  selectivity  re¬ 
duce  trouble  from  this  source 


torted  output  if  the  phase  differ¬ 
ences  are  very  great. 

The  usual  arrangement  of  equip¬ 
ment  for  space  diversity  reception 
of  amplitude  modulated  (phone) 
signals,  applies  a  common  age  to  all 
three  receivers.  Control  voltage  is 
derived  from  the  final  rectified  and 
combined  output  of  the  three  re¬ 
ceivers  normally  employed.  The 
purpose  of  this  common  age  volt¬ 
age  is  to  insure  that  at  each  and 
every  moment  the  receiver  getting 
the  strongest  signal  from  its  an¬ 
tenna  will  contribute  most  to  the 
combined  output. 

If  this  were  the  only  selecting 
action,  the  contributions  made  by 
the  individual  receivers  would  be 
proportional  to  their  input  signals 
received,  at  the  moment,  from  their 
respective  antennas.  Actually,  how¬ 
ever,  there  is  also  a  considerable 
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from  horizontal  to  vertical  and  to 
other  skew  angles,  makes  it  pos¬ 
sible  to  obtain  the  benefits  of  di¬ 
versity  of  fading  by  using  one  hori¬ 
zontal  doublet  and  one  vertical 
doublet  (or  other  type  antenna), 
both  antennas  being  located  at  the 
same  spot.  Two  separate  receivers 
are  used,  in  the  same  manner  as  for 
space  diversity  reception.  The  im¬ 
provement  to  be  expected  is,  how¬ 
ever,  considerably  less. 

Ray  SalactioN  oad  Diversity 

As  has  been  pointed  out,  long-dis¬ 
tance  propagatioa  of  high-fre¬ 
quency  signals  does  not  take  place 
over  but  a  single  path  {.t  any  given 
instant.  Angle  of  incidence  of  two 
or  more  rays,  or  bundles  of  rays, 
can  be  of  'erved  and  measured,  as 
shown  in  Fig.  6.  By  selecting  only 
one  of  these  rays,  or  small  bundles 
of  rays,  the  effects  of  ray  interfer¬ 
ence  can  be  greatly  reduced. 

The  so-called  Mma  (multiple-unit 
steerable  antenna)  system,  devel¬ 
oped  by  the  Bell  Telephone  Labor¬ 
atories,  accomplishes  this.  The  an¬ 
tenna  system  and  its  associated 
equipment  are  designed  to  effec¬ 
tively  pick  out  any  one  ray,  or  small 
bundle  of  rays,  by  m<  as  of  ex¬ 
tremely  sharp  vertical  directivity 
which  can  be  adjusted  to  the  de¬ 
sired  angle.  When  it  is  thus  pos¬ 
sible  to  pick  out  only  a  single  ray, 
the  field-interference  pattern  prev¬ 
iously  discussed  is  no  longer  such  a 
source  of  trouble.  Large  variations 
in  the  vertical  angle  of  arrival  must, 
of  course,  be  followed  by  adjust¬ 
ment  of  the  vertical  directivity  of 
the  system.  Where  the  signal  is  ar¬ 
riving  simultaneously  over  two 
paths  that  differ  sufficiently  in  their 
vertical  angle  of  arrival,  each  can 
be  selected  separately  and  the  two 
combined  or  switched  for  obtaining 
what  may  be  termed  ray  diversity 
or  path  diversity. 

A  detailed  description  of  the  an¬ 
tenna  system,  and  of  the  receiving 
equipment,  is  given  in  a  reference 
cited  at  the  end  of  this  paper.  Briefly, 
the  antenna  system  consists  of  some 
twelve  separate  antennas  of  the 
rhombic  type,  erected  in  a  straight 
line  pointing  in  the  direction  of  the 
desired  reception.  Rather  elaborate 
provisions  are  made  in  the  receiv¬ 
ing  building  for  properly  phasing 


the  signals  received  from  the  sep¬ 
arate  antennas.  Adjustment  of  this 
phasing  is  the  means  employed  to 
produce  the  sharply  directive  and 
adjustable  vertical  pattern  desired. 

Limitiag 

Limiting,  by  means  of  non-linear 
circuit  elements  such  as  biased  or 
over-driven  vacuum  tubes,  has  rela¬ 
tively  little  value  as  a  means  of  re¬ 
ducing  the  effects  of  fading  except 
when  used  in  combination  with 
other  methods. 

In  receivers  used  for  telegraph 
service,  employing  on-off  keying  of 
the  carrier,  limiting  may  be  used 
to  handle  small  variations  still  re¬ 
maining  after  the  use  of  age  and 


FIG.  7 — Principle  of  exalted  carrier  re- 
ceiTing  syttem.  (a)  normal  signal;  (b) 
selectiTe  lade  of  carrier;  (c)  carrier 
exalted  or  reinforced  at  the  receirer 

diversity  reception  of  any  type. 
Care  must  be  taken,  however,  not 
to  depend  on  limiting  to  such  an 
extent  that  preceding  stages  of 
amplification  and  frequency  con¬ 
version  are  overloaded.  If  this  is 
not  guarded  against,  various  types 
of  spurious  interference  are  apt  to 
be  experienced. 

In  the  reception  of  signals  em¬ 
ploying  variable  depth  of  amplitude 
modulation,  such  as  telephone  sig¬ 
nals,  limiting  obviously  can  not  be 
used. 

In  systems  employing  frequency 
or  phase  modulation  rather  than 
variable  depth  of  amplitude  modu¬ 
lation,  limiting  is  used  to  eliminate 
or  minimize  amplitude  variations 
still  existing  after  the  use  of  age. 

Fraqacncy  or  Phase  Modviation 

The  use  of  frequency,  or  phase 
modulation  as  a  means  of  reducing 


the  effects  of  fading  has  as  its  pur¬ 
pose  the  elimination  of  amplitude 
variations  in  the  received  r-f  signal. 
Since  intelligence  is  transmitted  by 
varying  the  frequency  or  phase,  and 
not  the  amplitude,  it  is  obvious  that 
limiting  can  be  made  use  of  in  the 
receiving  equipment.  Some  of  the 
variations  still  existing  after  the 
use  of  age  can  thus  be  eliminated. 

Selective  fading,  due  to  its  ran¬ 
dom  effects  on  the  numerous  side¬ 
bands  that  make  up  a  frequency  or 
phase-modulated  signal,  results  in 
rather  serious  distortion  of  modula¬ 
tion  such  as  speech  or  music.  The 
system  therefore  does  not  improve 
reception  which  is  bothered  pri¬ 
marily  by  selective  fading. 

It  is  of  interest  to  note,  in  deal¬ 
ing  with  frequency  modulation  and 
phase  modulation,  that  certain  con¬ 
ditions  of  propagation  partially  con¬ 
vert  these  types  of  modulation  into 
amplitude  variations.  One  very 
annoying  manifestation  of  this  is 
the  conversion  of  frequency  or 
phase  modulation  at  power-supply 
frequencies  (hum)  into  what  is  ef¬ 
fectively  amplitude  modulation  of 
the  received  signal.  This  results  in 
a  rising  and  falling  hum  level  in 
the  a-f  output  of  the  receiver.  This 
resultant  level  of  hum  may  be  con¬ 
siderably  higher  than  that  meas¬ 
ured  at  the  transmitter. 

Radio-photo  or  facsimile  services 
nowadays  use  some  form  of  fre¬ 
quency  modulation  almost  exclus¬ 
ively.  This  is  applied  either  to  the 
r-f  carrier  or  to  a  tone-frequency 
sub-carrier  which  then  is  used  to 
modulate  the  r-f  carrier  of  a  tele¬ 
phone-type  transmitter  employing 
any  desired  system — amplitude, 
frequency  or  phase — for  modulat¬ 
ing  its  r-f  carrier.  Advantages  of 
this  application  lie  in  the  fact  that 
limiting  may  be  applied,  in  the  ra¬ 
dio  receiving  equipment  in  one  case 
and  in  the  radio-photo  terminal 
equipment  in  the  other  case,  to  elim¬ 
inate  streaks  caused  by  amplitude 
fading. 

The  frequency-modulated  sub¬ 
carrier  system  permits  the  use  of 
standard  phone  transmitters  and 
receivers. 

Frequency  or  phase  modulation 
of  the  r-f  carrier  itself  simplifies 
the  modulation  problem  in  the 
transmitter,  particularly  in  those 
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cases  in  which  a  given  transmitter 
must  be  used  for  either  telegraph 
or  telephone  services,  or  their  equiv¬ 
alents,  on  short  notice.  It  also,  how¬ 
ever,  complicates  the  design  of  the 
receiving  equipment. 

ExQlt«d-Carri*r  R«c*iv»rt 

Selective  fading  often  reduces 
the  amplitude  of  the  carrier,  yet  at 
the  same  time  leaves  most  of  the 
sidebands  at  their  normal,  ampli¬ 
tudes.  The  result  is  second-har¬ 
monic  distortion  due  to  the  ab¬ 
sence  of  a  carrier  and  the  resultant 
beating  of  one  set  of  sidebands 
against  the  other.  The  exalted-car¬ 
rier  type  of  receiver  prevents  this 
sort  of  distortion,  by  maintaining 
the  carrier  at  a  high  level  at  all 
times  as  shown  in  Fig.  7.  Carrier 
voltage  at  the  final  rectifier  or  de¬ 
tector  is  maintained  at  such  a  high 
level  that  the  effective  percentage 
of  modulation  can  not  exceed  100 
percent.  Actually,  the  figure  is  more 
like  60  percent  or  even  30  percent 
maximum. 

In  general,  two  different  methods 
may  be  employed  for  obtaining  the 
desired  result  In  one,  the  frequency 
of  a  local  oscillator  is  automatically 
held  to  within  plus  or  minus  a  few 
cps,  or  less,  of  the  frequency  of  the 
incoming  carrier  signal.  In  the 
other  general  method,  the  incoming 
signal  itself  supplies  the  required 
carrier  which  is  filtered,  amplified, 
and  then  re-combined  with  the  side¬ 
bands.  The  same  net  result  may  be 
obtained  by  the  use  of  a  sharply  se¬ 
lective  i-f  system  which  emphasizes 
or  exalts  the  carrier  and  at  the 
same  time  uniformly  reduces  the 
relative  amplitude  of  all  sidebands. 

The  use  of  a  single  receiver  of 
this  type  for  reception  of  amplitude 
modulated  phone  signals  results  in 
virtually  complete  elimination  of 
the  second-harmonic  distortion  that 
otherwise  is  caused  by  selective  fad¬ 
ing  of  the  carrier.  To  take  care  of 
the  slower,  general  fading,  it  is 
necessary  to  supplement  the  ex¬ 
alted-carrier  method  with  some 
other  system  such  as  space-divers¬ 
ity  reception. 

Siiigl*-sid«-baHd  System 

Complete  suppression  or  elimin¬ 
ation  of  one  set  of  sidebands  (upper 
or  lower)  and  partial  suppression 


FIG.  8 — S«T*n>uxxlt  telegraph  code  used 
to  prevent  printing  oi  wrong  letters  due 
signal  malionnation 

of  the  transmitted  carrier,  as  em¬ 
ployed  in  some  phone  services,  is 
not  intended  primarily  for  reduc¬ 
tion  of  fading  effects.  Since  the 
system  necessarily  employs  an  ex¬ 
alted-carrier  receiver,  however,  it 
gives  the  improvement  described 
above. 

Special  Code  Systems 

In  view  of  the  apparent  impossi¬ 
bility  of  completely  overcoming  all 
types  of  fading  at  all  times,  the 
problem  of  providing  reliable  tele¬ 
graphic  communication  has  been  at¬ 
tacked  from  another  angle.  This  is 
to  develop  a  code  or  system  of  com¬ 
munication  which  wiM  tolerate  any 
reasonable  malformation  of  the  sig¬ 
nal,  yet  which  will  not  cause  an  in¬ 
correct  letter  or  character  to  be 
recorded  on  the  received  copy. 


This  attack  has  been  primarily 
aimed  at  development  of  printing 
telegraph  services.  The  so-called 
5-unit  code,  for  printer  service,  is 
so  constituted  and  arranged  that  the 
dropping  out  of  one  or  more  im¬ 
pulses  (marking  bauds)  by  fading, 
or  the  accidental  filling-in  of  spaces 
by  static  or  interference,  will  result 
in  the  printing  of  an  incorrect  let¬ 
ter  or  character.  To  prevent  such 
errors,  or  transpositions,  there  has 
been  developed  a  code  and  system 
which  will  print  a  special  error  in¬ 
dicator  sign  when  the  incoming  sig¬ 
nal  has  suffered  mutilation. 

A  printing-telegraph  code  in 
which  each  selecting  combination 
consists  of  only  three  marking  ele¬ 
ments,  out  of  a  total  of  seven  avail¬ 
able  per  character,  provides  the  re¬ 
quired  performance.  This  code  is 
shown  in  Fig.  8.  If  either  fewer  or 
more  than  three  marking  or  selec¬ 
ting  impulses  are  received,  the  re¬ 
ceiving  machine  prints  the  special 
error  indicator  sign.  Fading  can 
not,  therefore,  result  in  errors  or 
transpositions, — only  the  special 
error  indicator  sign  being  recorded 
in  such  cases. 

Summary 

It  is  apparent,  from  the  data 
given  in  the  preceding  sections,  that 
no  one  method  constitutes  a  com¬ 
plete  solution  to  the  problem  of  fad¬ 
ing  and  its  undesirable  effects  on 
signals.  It  also  will  be  apparent 
that  different  combinations  of  the 
basic  methods  must  be  used  for  dif¬ 
ferent  types  of  service.  -The  par¬ 
ticular  combination  best  suited  to 
any  given  service  and  circuit  de-  f 
pends  upon  the  type  and  quality  of 
service  required  and  also  upon  the 
total  cost  justified  by  the  business 
to  be  handled. 
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This  is 

XGOY 


LEFT — Manned  by  Chinese  technicians  and  located  in 
a  deep  corern  at  Chungldnq.  this  Marconi-built  tions- 
mittinq  equipment  carries  the  Toice  of  free  China  to  the 
world.  Even  direct  bomb  hits  by  the  Japs  hare  not  been 
able  to  put  it  off  the  air 

BELOW.  RIGHT — Director  of  XGOY  is  Professor  Fenq 


E.  Stuart 


Chien.  authority  on  electro-maqnetic  waires  and  dean  of 
the  coUeqe  of  enqineerinq  of  the  UniTersity  of  Chunq- 
kinq.  His  traininq  includes  time  with  General  Electric 
Co.  at  Schenectady  and  with  German  AEG 


RIGHT  —  Speech-input  tests  are  made 
here  by  Wanq  Shan-wei,  enqineer  in 
charqe  of  the  transmitter  operated  by 
the  International  Broadcostinq  Adminis¬ 
tration.  American  reception  of  the  sta¬ 
tion's  siqnal  qoes  to  networks  throuqh 
the  Ventura,  Calif.,  ham  riq  of  Charles 


Power  source  for  the  Chunqkinq  transmitter  is  prac-  Beam  antennas  at  XGOY  ore  powered  throuqh  this  series  of  coaxial  cables 
>ically  spoon-fed  to  keep  within  skimpy  ration  of  cool,  emerqinq  throuqh  core  mouth.  American  troops  in  China  depend  on  the  station 
City  power  is  too  undependable  for  functional  oppa-  for  entertainment  and  news  of  home.  Other  broadcasts  ore  in  Burmese.  Rxissian. 
rotus  and  is  used  mainly  for  liqhts  Dutch.  Spanish.  Japanese,  and  Mandarin,  each  beamed  to  the  appropriate  area 
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Laboratory  Oven 
Temperature  Control 


Rise  and  fall  of  the  mercury  column  in  an  oven  thermometer  tunes  and  detunes  a  high- 
frequency  oscillator.  The  resulting  variation  in  oscillator  plate  current  operates  relays 

which  turn  oven  heater  current  on  and  off 


By  W.  B.  RITCNIE  AGNEW 

Chemical  Engineer,  Signal  Service  at  Largr 
Aircraft  Radio  Laboratory 
Wright  Field,  Dayton,  Ohio 


seen  that  the  control  is  built  in  two 
separate  units,  connected  together 
by  means  of  a  flexible  cable. 

Deicription  of  Circoif 

The  oscillator  unit,  which  oper¬ 
ates  at  a  non-critical  high  fre¬ 
quency,  is  designed  around  a  type 
955  “acorn”  triode  tube  and  is  con¬ 
tained  in  a  plastic  case  measuring 
2i  X  2J  X  2i  in.  It  is  constructed  in 
such  a  manner  that  the  exposed  end 
of  the  oven  thermometer  may  pass 
through  the  tank  coil.  Tight  rubber 
grommets  hold  the  unit  in  place  on 
the  thermometer  at  any  position 
along  its  length,  as  shown  in  Fig.  2. 
Rise  and  fall  of  the  column  of  mer¬ 
cury  in  the  thermometer  tunes  and 
detunes  the  oscillator,  altering  its 
plate  current. 

The  other  unit  contains  the 
power  supply  and  control  relays,  and 
is  contained  within  a  metal  cabinet. 
The  two  units  may  be  seen  on  top 
of  the  typical  oven  pictured  in 


FIG.  2 — Close-up  oi  the  oscillator  unit,  shown  with  the  front 
cover  removed.  It  is  light  in  weight  and  readily  supported 
by  the  thermometer  which  passes  through  it 


Adjettment  aed  Operation 

To  place  the  electronic  control  in 
operation  the  power  supply  unit  is 
connected  to  the  110-v  a-c  line  and 
the  oven  input  control  leads  in¬ 
serted  in  the  plug  on  the  side  of  this 
unit.  The  oscillator  unit  is  then  slid 
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FIG.  1 — Circuit  diagram  ol  th*  electronic  control  derice.  It  is  readily  constructed 
from  ports  orailable  in  most  laboratories  and  is  relatiyely  simple  to  adjust 


over  the  oven  thermometer  and 
oriented  so  that  the  mercury  column 
is  level  with  the  plate  end  of  the 
tank  coil  at  the  desired  oven  oper¬ 
ating  temperature.  Oscillator  plate 
voltage  is  then  adjusted  by  means 
of  the  250,000-ohm  potentiometer 
so  that  the  10,000-ohm  plate  circuit 
relay  just  barely  closes.  Voltage  is 
reduced  and  the  relay  opens. 

Increase  in  oven  temperature 
above  the  desired  value  causes  the 
mercury  column  in  the  thermometer 
to  rise.  Inasmuch  as  the  mercury 
column  rises  inside  the  oscillator 
tank  coil  the  oscillator  is  detuned, 
its  plate  current  rises  and  the  plate 
circuit  relay  closes.  Closing  of  the 
plate  circuit  relay  energizes  the 
li-v  battery-operated  relay,  open¬ 
ing  its  contacts.  The  10-ampere 
power  relay  is  de-energized  and 
oven  current  is  cut  off.  Oven  cur¬ 
rent  remains  cut  off  until  the  mer¬ 
cury  column  falls  to  the  critical 
value,  at  which  time  inverse  relay 
operation  takes  place  and  heater 
c  urrent  is  restored. 

Satisfactory  action  of  the  elec¬ 
tronic  control  is  largely  dependent 
upon  the  adjustment  of  the  10,000- 
ohm  relay.  The  limiting  factors 
with  respect  to  speed  as  well  as  ac¬ 
curacy  are,  however,  the  character¬ 
istics  of  the  thermometer. 
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FIG.  3 — A  typical  laboratory  ovon,  Bhowinq  tbo  two-unit  oloctronlc  control 
in  position  on  the  lop.  oporotinq  in  this  instanco  as  a  soioty  control  sup- 
plemontinq  standord  controls 
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Autopilot  Circuits 


Detailed  analysis  of  the  electronic  circuits  that  function  in  conjunction  with  gyros  and 
electric  servo  motors  in  the  B-29  Superfortress  and  other  Allied  bombers  to  maintain 
precise  straight-and-level  flight  during  bombing  runs  or  finger-tip  control  of  maneuvers 
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During  the  few  seconds  of  a 
high-altitude  precision  bomb¬ 
ing  run,  an  airplane  must  not  devi¬ 
ate  appreciably  in  any  direction 
from  its  set  course.  To  provide  a 
stable  platform  for  such  operations, 
the  Minneapolis  -  Honeywell  C-1 
electronic  automatic  pilot  is  stand¬ 
ard  equipment  on  many  AAF  bomb¬ 
ers,  including  Fortresses,  Liberat¬ 
ors  and  the  new  Boeing  B-29  Super¬ 
fortress. 

The  electronic  control  of  the  auto¬ 
pilot,  developed  by  company  engi¬ 
neers  cooperating  with  the  Mate¬ 
riel  Command  at  Wright  Field,  off- 
ard  equipment  on  many  AAF 
bombers,  including  Fortresses,  Lib¬ 
erators  and  the  new  Boeing  B-29 
Superfortress. 

The  autopilot  works  in  much  the 
same  way  as  a  human  pilot.  Gyro¬ 
scopes  act  as  the  eyes  and  the  elec¬ 
tronic  amplifier  as  the  brain  of  the 
autopilot  in  detecting  flight  devia¬ 
tions.  Potentiometers  in  the  gyro 
housings  respond  to  these  devia¬ 
tions  and  transmit  appropriate  sig¬ 
nals  to  amplifiers  that  control  the 
operation  of  servo  units,  which  are 
special  electric  motors  that  act  di- 
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FIG.  1 — Drawing  ihowing  Interrelation  but  not  position  oi  the  main  component 
units  in  the  Minneopolis-Honeywell  C-1  automatic  pilot 
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FIG.  2 — Simpliiied  schematic  diagram  oi  the  discriminator  circuit  used  in  a 
single  chonnel  oi  the  autopilot  ampliiier.  Two  signals,  diiiering  in  phase  by 
110  degrees,  may  enter  this  stage  irom  the  a-c  bridge  draiit;  one  mokes  the 
right-turn  relay  operate,  and  the  other  makes  the  left-turn  relay  operate 
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Th«  C-1  •Icctronic  autopilot  is  osod  on  tho  Booing  B-29  Suporiortross 


rectly  on  tht  control  cable^i  of  the 
airplane. 

The  precision  of  even  the  most 
skillful  human  pilot  is  limited  by 
such  factors  as  his  reaction  time, 
susceptibility  to  fatigue,  inability 
to  detect  slight  variations  the  in¬ 
stant  they  occur,  errors  in  judgment 
and  errors  in  muscle  coordination. 
The  autopilot,  on  the  other  hand, 
detects  flight  deviations  the  instant 
they  occur  and  makes  the  required 
correction  of  the  airplane’s  controls 
quickly.  When  properly  adjusted, 
the  autopilot  will  smoothly  return 
plane  to  straight-and-level  flight 
after  an  off-course  deviation,  with¬ 
out  over-control  or  under-control. 

Acts  OR  Raddor,  AiloroRs,  ORd  Elevator 

An  airplane  is  maneuvered  by 
displacing  three  controls:  (1)  The 
rudder,  for  turns;  (2)  The  ailerons, 
for  selecting  rolls  and  banks  during 
turns;  (3)  The  elevator,  for  mak¬ 
ing  the  plane  ascend  or  descend. 
Thus  for  automatic  flight  three  sep¬ 
arate  control  channels  are  required, 
each  consisting  of  a  servo  motor 
acting  on  one  set  of  control  cables, 
a  gyro-controlled  amplifier  channel 


to  make  the  servo  rotate  in  the  cor¬ 
rect  direction  for  the  correct  length 
of  time,  and  the  adjusting  potenti¬ 
ometers  in  the  autopilot  control 
panel.  These  features  of  an  auto¬ 
pilot  installation  are  shown  in  sim¬ 
plified  form  in  Fig.  1. 

A  pitch-axis  deviation  (suth  as 
sudden  dropping  of  the  nose  of  the 
plane)  calls  for  corrective  action  by 
one  control  channel  only,  that  serv¬ 
ing  the  elevators.  All  other  devia¬ 
tions  necessitate  corrective  action 
by  all  three  channels.  Thus,  if  the 
right  wing  drops,  correction  is 
made  by  moving  the  right  aileron 
downward  and  the  left  aileron  up¬ 
ward.  However,  since  the  air  un¬ 
der  a  wing  is  at  higher  pressure 
than  air  above  a  wing,  the  right  ail¬ 
eron  causes  more  drag  than  the  left, 
and  the  plane  tends  to  deviate  to 
the  right.  Therefore,  both  the  rud¬ 
der  and  the  elevator  must  be  moved 
with  the  ailerons  to  correct  the 
original  deviation  and  to  prevent 
loss  of  altitude. 

In  the  autopilot,  ingenious  use  of 
potentiometers  in  balanced  a-c 
bridge  circuits  provides  the  re¬ 
quired  inter-relation  of  control 


actions  in  an  automatic  manner. 

The  electronic  features  of  the 
three  channels  of  a  C-1  autopilot  are 
essentially  identical,  and  hence  only 
the  circuit  of  one  channel  need  be 
analyzed  in  detail.  By  considering 
the  turn-control  channel  in  simpli¬ 
fied  form  as  shown  in  Fig.  2,  with 
amplifier  and  control  stages  omitted 
and  with  the  multitudinous  potenti¬ 
ometers  lumped  as  a  single  poten¬ 
tiometer  in  an  a-c  bridge  circuit, 
the  action  of  the  entire  autopilot 
can  be  more  readily  understood. 

ARolysis  of  Aotopilof  Circoit 

When  the  a-c  bridge  is  balanced, 
no  a-c  signal  is  applied  to  the  two 
grids  of  the  7N7  discriminator  tube 
and  no  plate  current  flows  since  the 
d-c  bias  is  fixed  at  cutoff  by  a  d-c 
bias  source. 

The  two  plates  of  the  discrimin¬ 
ator  tube  are  connected  to  separate 
secondary  windings  of  the  power 
transformer  in  such  a  way  that  at 
the  instant  when  one  plate  is  posi¬ 
tive  with  respect  to  the  cathodes, 
the  other  plate  is  negative.  The 
other  ends  of  these  secondary  wind¬ 
ings  are  connected  through  the  two 
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FIG.  3 — Complete  schematic  circuit  ior  the  aileron  control  chonneL  with  characteristic  curres 
showing  operating  p<^ts  of  the  tabes.  The  complete  a-c  bridge  network  ior  this  chonneL  ot  the 
left,  prorides  the  required  interlocking  with  other  channels  for  properly  co-ordinated  tarns 


tive  at  the  instant  when  both  grids 
are  positive,  hence  current  flows 
through  the  left-turn  relay  coil  and 
charges  its  holding  capacitor.  This 
actuates  the  other  solenoid  in  the 
servo  unit,  causing  opposite  move¬ 
ment  of  the  rudder. 

The  bridge  circuit  in  Fig.  2  is 
represented  by  a  single  pot  for  sim¬ 
plicity  of  explanation,  with  the 
center-tap  serving  as  the  balance 
point.  Actually,  the  balance  point 
of  the  bridge  circuit  is  not  fixed, 
but  will  shift  from  side  to  side  de¬ 
pending  upon  the  relative  positions 
of  all  the  wipers  in  the  bridge  cir¬ 
cuit  of  the  channel. 


of  the  pot  is  positive,  polarities  in 
the  circuit  will  be  as  indicated  on 
the  diagram.  The  grids  are  both 
positive  with  respect  to  the  cath¬ 
odes,  but  only  plate  No.  1  is  posi¬ 
tive.  Therefore,  electrons  are  at¬ 
tracted  by  plate  No.  1  and  current 
flows  through  the  right  relay  coil, 
simultaneously  charging  the  capac¬ 
itor  connected  across  the  relay.  Op¬ 
eration  of  the  right  relay  closes  the 
circuit  through  one  operating  sole¬ 
noid  in  the  corresponding  servo 
unit,  producing  the  required  cor¬ 
recting  movement  of  the  rudder. 
Plate  No.  2  is  negative  and  hence 
passes  no  current  at  this  time. 

One-half  cycle  later,  the  right  end 
of  the  pot  and  both  grids  are  nega¬ 
tive,  hence  no  plate  current  flows 
even  though  plate  No.  2  is  positive. 
The  righ-turn  relay  remains  closed, 
however,  because  the  capacitor  con¬ 
nected  across  the  relay  coil  dis¬ 
charges  its  stored-up  energy 
through  the  coil.  Thus,  the  right- 
turn  relay  is  kept  closed  all  the  time 
the  pot  wiper  is  toward  the  right 
and  calling  for  a  right  turn. 

When  airplane  deviation  causes 
the  wiper  on  the  pot  to  move  to  the 
left  of  center,  exactly  opposite  con¬ 
ditions  prevail.  Plate  No.  2  is  posi¬ 


relay  coils  and  a  feedback  circuit  to 
the  grounded  cathodes  of  the  tube. 
The  bridge  circuit  is  energized  by 
another  power  transformer,  in  such 
a  way  that  when  plate  No.  1  is  posi¬ 
tive,  the  right  end  of  the  potentiom¬ 
eter  (pot)  is  positive  as  shown  in 
Fig.  2,  and  when  plate  No.  2  is 
positive  the  left  end  of  the  pot  is 
positive. 

With  the  tube  biased  to  cutoff, 
the  positive  half  of  any  a-c  signal 
applied  to  the  grids  will  cause  plate 
current  to  flow  through  the  tube 
section  having  a  positive  plate  at 
that  instant.  On  the  succeeding 
negative  half  of  the  signal,  the  plate 
current  of  the  tube  drops  to  zero 
because  a  swing  beyond  cutoff  can¬ 
not  cause  variations  in  plate  cur¬ 
rent. 

Assume  that  a  deviation  of  the 
airplane  or  operation  of  the  turn- 
control  knob  by  the  pilot  causes  an 
unbalance  in  the  bridge  circuit, 
represented  by  movement  of  the 
wiper  on  the  pot  toward  the  right 
in  Fig.  2  as  shown.  The  signaPpro- 
duced  by  this  bridge  unbalance  is 
fed  through  the  amplifier  and  con¬ 
trol  stage  (not  shown  in  Fig.  2)  to 
the  grids  of  the  discriminator  tube. 
At  the  instant  when  the  right  end 


Complete  Circait  for  Aileron  Channel 

The  complete  circuit  for  one  chan¬ 
nel  is  given  in  Fig.  3,  including  the 
various  potentiometers  that  make 
up  the  three  a-c  bridge  circuits 
feeding  this  particular  channel. 
The  a-c  voltage  produced  by  bridge 
unbalance  is  amplified  by  the  first 
section  of  a  7F7  double-triode,  then 
fed  to  the  control  stage  where  the 
signals  are  sorted  according  to 
strength.  Very  small  signals  are  re¬ 
jected,  weak  signals  are  strength¬ 
ened,  medium  signals  are  passed  in¬ 
termittently,  and  strong  signals  are 
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passed  continuously  to  the  discrim¬ 
inator  tube. 

To  accomplish  this  sorting  action, 
three  separate  control  voltages  are 
applied  to  the  gr^d  of  the  control 
tube  in  the  form  of  a  composite  d-c 
bias  acting  in  series  with  the  a-c 
signal  coming  from  the  amplifier 
stage.  By  inserting  a  0.5-megohm 
resistor  in  the  grid  lead  of  the  tube, 
a  characteristic  curve  like  that  at 
the  bottom  center  in  Fig.  3  is  ob¬ 
tained  for  the  control  tube.  When 
the  combined  grid  voltage  is  nega¬ 
tive  this  resistor  has  no  effect ; 
when  the  grid  swings  positive,  how¬ 
ever,  the  resulting  grid-current 
flow  through  the  resistor  develops 
a  cross  it  a  voltage  drop  that  leaves 
only  a  fraction  of  the  applied  posi¬ 


tive  voltage  actually  on  the  grid. 
Positive  voltage  swings  thereby 
have  no  appreciable  effect  on  plate 
current,  and  the  characteristic 
curve  levels  off  sharply  at  point  A 
on  the  curve.  The  three  control  volt¬ 
ages,  called  sensitivity  voltage, 
feedback  voltage  and  throttling 
voltage,  serve  to  shift  the  operat¬ 
ing  point  of  the  control  tube  along 
section  A-B-C  of  the  curve. 

Effects  of  Control  Voltages 

The  first  control  voltage,  which 
eliminates  small  signals,  is  called 
sensitivity  voltage  because  it  con¬ 
trols  the  sensitivity  or  “alertness” 
of  the  autopilot  control  system.  This 
voltage  is  obtained  from  a  variable 
voltage-divider  connected  in  the 


power-pack  circuit  of  the  amplifier, 
with  the  control  knob  being  located 
on  the  autopilot  control  panel  along¬ 
side  the  pilot.  Operation  of  this 
control  regulates  the  grid  voltage 
between  A  and  C  (Fig.  3).  At  A, 
sensitivity  is  high  because  the  nega¬ 
tive  peaks  of  even  very  small  sig¬ 
nals  will  cause  the  plate  current  to 
fluctuate  and  transmit  a  signal  to 
the  discriminator  tube.  Normal  set¬ 
ting  is  at  B,  except  when  extreme 
accuracy  of  flight  control  is  re¬ 
quired  during  bombing  runs. 

The  second  control  voltage,  which 
prevents  chattering  of  the  relays 
when  signals  are  just  barely  strong 
enough  to  offset  the  positive  sensi¬ 
tivity  voltage,  is  called  feedback 
voltage  because  it  is  fed  back  from 
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FIG.  3 — CompUt*  achcmatic  circuit  ior  th*  cdluron  control  chonnoL  with  choroctoristic  cuttm 
■bowing  oporoting  points  oi  the  tubes.  The  complete  a-c  bridge  network  for  this  chonneL  at  the 
left,  prorides  the  required  interlocking  with  other  channels  ior  properly  co-ordinated  turns 


relay  coils  and  a  feedback  circuit  to 
the  errounded  cathodes  of  the  tube. 
The  bridge  circuit  is  energized  by 
another  power  transformer,  in  such 
a  way  that  when  plate  No.  1  is  posi¬ 
tive,  the  right  end  of  the  potentiom¬ 
eter  (pot)  is  positive  as  shown  in 
Fig.  2,  and  when  plate  No.  2  is 
positive  the  left  end  of  the  pot  is 
positive. 

With  the  tube  biased  to  cutoff, 
the  positive  half  of  any  a-c  signal 
applied  to  the  grids  will  cause  plate 
current  to  flow  through  the  tube 
section  having  a  positive  plate  at 
that  instant.  On  the  succeeding 
negative  half  of  the  signal,  the  plate 
current  of  the  tube  drops  to  zero 
because  a  swing  beyond  cutoff  can¬ 
not  cause  variations  in  plate  cur¬ 
rent. 

Assume  that  a  deviation  of  the 
airplane  or  operation  of  the  turn- 
control  knob  by  the  pilot  causes  an 
unbalance  in  the  bridge  circuit, 
represented  by  movement  of  the 
wiper  on  the  pot  toward  the  right 
in  Fig.  2  as  shown.  The  signal  ‘pro¬ 
duced  by  this  bridge  unbalance  is 
fed  through  the  amplifier  and  con¬ 
trol  stage  (not  shown  in  Fig.  2)  to 
the  grids  of  the  discriminator  tube. 
At  the  instant  when  the  right  end 


of  the  pot  is  positive,  polarities  in 
the  circuit  will  be  as  indicated  on 
the  diagram.  The  grids  are  both 
positive  with  respect  to  the  cath¬ 
odes,  but  only  plate  No.  1  is  posi¬ 
tive.  Therefore,  electrons  are  at¬ 
tracted  by  plate  No.  1  and  current 
flows  through  the  right  relay  coil, 
simultaneously  charging  the  capac¬ 
itor  connected  across  the  relay.  Op¬ 
eration  of  the  right  relay  closes  the 
circuit  through  one  operating  sole¬ 
noid  in  the  corresponding  servo 
unit,  producing  the  required  cor¬ 
recting  movement  of  the  rudder. 
Plate  No.  2  is  negative  and  hence 
passes  no  current  at  this  time. 

One-half  cycle  later,  the  right  end 
of  the  pot  and  both  grids  are  nega¬ 
tive,  hence  no  plate  current  flows 
even  though  plate  No.  2  is  positive. 
The  righ-turn  relay  remains  closed, 
however,  because  the  capacitor  con¬ 
nected  across  the  relay  coil  dis¬ 
charges  its  stored-up  energy 
through  the  coil.  Thus,  the  right- 
turn  relay  is  kept  closed  all  the  time 
the  pot  wiper  is  toward  the  right 
and  calling  for  a  right  turn. 

When  airplane  deviation  causes 
the  wiper  on  the  pot  to  move  to  the 
left  of  center,  exactly  opposite  con¬ 
ditions  prevail.  Plate  No.  2  is  posi¬ 


tive  at  the  instant  when  both  grids 
are  positive,  hence  current  flows 
through  the  left-turn  relay  coil  and 
charges  its  holding  capacitor.  This 
actuates  the  other  solenoid  in  the 
servo  unit,  causing  opposite  move¬ 
ment  of.  the  rudder. 

The  bridge  circuit  in  Fig.  2  is 
represented  by  a  single  pot  for  sim¬ 
plicity  of  explanation,  with  the 
center-tap  serving  as  the  balance 
point.  Actually,  the  balance  point 
of  the  bridge  circuit  is  not  fixed, 
but  will  shift  from  side  to  side  de¬ 
pending  upon  the  relative  positions 
of  all  the  wipers  in  the  bridge  cir¬ 
cuit  of  the  channel. 

Complef*  CircHif  for  Ailoron  Channel 

The  complete  circuit  for  one  chan¬ 
nel  is  given  in  Fig.  3,  including  the 
various  potentiometers  that  make 
up  the  three  a-c  bridge  circuits 
feeding  this  particular  channel. 
The  a-c  voltage  produced  by  bridge 
unbalance  is  amplified  by  the  first 
section  of  a  7F7  double-triode,  then 
fed  to  the  control  stage  where  the 
signals  are  sorted  according  to 
strength.  Very  small  signals  are  re¬ 
jected,  weak  signals  are  strength¬ 
ened,  medium  signals  are  passed  in¬ 
termittently,  and  strong  signals  are 
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FIG.  4 — Curr*  showing  how  ipood-of- 
corroction  docroosot  os  plans  returns  to 
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ABOVE  RIGHT:  C>1  autopilot  as  normally 
installed  in  an  AT>11  oirplane.  with  insets 
thowlag  the  three  remotely  locoted  units. 
In  other  types  of  aircraft  the  units  are  not 
generolly  arranged  os  compactly  as  here. 
Identilted  parts  are:  1 — directional  stobi- 
liser  in  nose  of  airplane;  2 — rudder  senro 
unit:  3 — inaction  box;  4 — aileron  senro 
unit;  5— omplifier  unit;  6 — rotary  InTorter; 
7 — eloTOtor  senro  unit;  8  Tortical  flight 
gyro;  9 — autopilot  control  panel;  10 — pilot 
direction  indicator  on  iiutrument  panel 


RIGHT:  Amplifier  unit  of  autopilot,  with 
coTor  remoTod  and  chassis  pulled  out  to 
show  the  relays  and  some  of  the  seven 
tubes  making  up  the  three  amplifier 
channels 


passed  continuously  to  the  discrim¬ 
inator  tube. 

To  accomplish  this  sorting  action, 
three  separate  control  voltages  are 
applied  to  the  grid  of  the  control 
tube  in  the  form  of  a  composite  d-c 
bias  acting  in  series  with  the  a-c 
signal  coming  from  the  amplifier 
stage.  By  inserting  a  0.5-megohm 
resistor  in  the  grid  lead  of  the  tube, 
a  characteristic  curve  like  that  at 
the  bottom  center  in  Fig.  3  is  ob¬ 
tained  for  the  control  tube.  When 
the  combined  grid  voltage  is  nega¬ 
tive  this  resistor  has  no  effect; 
V.  hen  the  grid  swings  positive,  how¬ 
ever,  the  resulting  grid-current 
flow  through  the  resistor  develops 
across  it  a  voltage  drop  that  leaves 
only  a  fraction  of  the  applied  posi¬ 


power-pack  circuit  of  the  amplifier, 
with  the  control  knob  being  located 
on  the  autopilot  control  panel  along¬ 
side  the  pilot.  Operation  of  this 
control  regulates  the  grid  voltage 
between  A  and  C  (Fig.  3).  At  A, 
sensitivity  is  high  because  the  nega¬ 
tive  peaks  of  even  very  small  sig¬ 
nals  will  cause  the  plate  current  to 
fluctuate  and  transmit  a  signal  to 
the  discriminator  tube.  Normal  set¬ 
ting  is  at  B,  except  when  extreme 
accuracy  of  flight  control  is  re¬ 
quired  during  bombing  runs. 

The  second  control  voltage,  which 
prevents  chattering  of  the  relays 
when  signals  are  just  barely  strong 
enough  to  offset  the  positive  sensi¬ 
tivity  voltage,  is  called  feedback 
voltage  because  it  is  fed  back  from 


tive  voltage  actually  on  the  grid. 
Positive  voltage  swings  thereby 
have  no  appreciable  effect  on  plate 
current,  and  the  characteristic 
curve  levels  off  sharply  at  point  A 
on  the  curve.  The  three  control  volt¬ 
ages,  called  sensitivity  voltage, 
feedback  voltage  and  throttling 
voltage,  serve  to  shift  the  operat¬ 
ing  point  of  the  control  tube  along 
section  A-B-C  of  the  curve. 


Effects  of  Control  Voltages 

The  first  control  voltage,  which 
eliminates  small  signals,  is  called 
sensitivity  voltage  because  it  con¬ 
trols  the  sensitivity  or  “alertness” 
of  the  autopilot  control  system.  This 
voltage  is  obtained  from  a  variable 
voltage-divider  connected  in  the 
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circuit,  as  well  as  by  the  size  of  the 
capacitor  across  the  relay  itseh'. 
The  net  effect  is  that  of  preventing 
the  signal  from  closing  the  relay 
again  for  about  15  cycles  after  the 
relay  opens. 

Jhe  resulting  intermittent  oper¬ 
ation  of  the  servo  «nlt  is  called 
“pecking”  action.  Its  purpose  is  to 
prevent  over-control  of  the  airplane 
by  making  the  controls  move  slowly 
into  position  as  the  balance  pot  in 
the  servo  unit  approaches  its  bal¬ 
ance  point.  The  amount  of  control 
surface  movement  during  each 
*‘peck”  is  determined  by  the  relay 
contact  gaps,  the  relay  spring  ten¬ 
sion,  and  other  factors.  The  setting 
of  the  throttle  control  determines 
the  amplitude  of  the  smallest  sig¬ 
nal  that  will  cause  continiious  op¬ 
eration  of  the  servo  unit,  while  the 
setting  of  the  sensitivity  control  de¬ 
termines  the  signal  amplitude  be¬ 
low  which  servo  motion  stops 
entirely.  The  effects  of  these  con¬ 
trols  on  the  speed  of  flight  correc¬ 
tion  are  illustrated  in  Fig,  4. 
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FIG.  S — Schematic  diagram  ol  7-tub«  ompliiier  serring  all  three  chaaneli 


the  discriminator  stage  in  such  a 
way  as  to  increase  the  sensitivity. 
This  pulsating  d-c  feedback  voltage 
is  developed  across  a  600-ohm  re¬ 
sistor  in  the  plate  circuit  of  the  dis¬ 
criminator,  and  is  applied  to  the 
control  tube  grid  through  a  time- 
delay  network  that  acts  in  conjunc¬ 
tion  with  the  third  control  voltage. 
When  the  sensitivity  control  is  set 
at  A  and  a  weak  a-c  signal  arrives, 
the  feed-back  voltage  serves  to  in¬ 
crease  the  sensitivity  of  the  control 
stage  still  more  by  shifting  the  bias 
point  slightly  to  the  left  of  A.  This 
increases  the  amplifying  effect  of 
the  tube,  producing  strong,  firm 
closing  of  the  proper  relay  in  the 
discriminator  plate  circuit. 

Packing  Action 

The  instant  that  a  relay  closes  in 
the  discriminator  circuit,  extra  con¬ 
tacts  on  the  relay  apply  the  third 
control  voltage,  called  throttle  volt¬ 
age,  to  the  grid  of  the  control  tube. 
This  throttle  voltage  is  a  positive 
d-c  voltage  obtained  from  the  power 


Servo  Motor  Units 

The  servo  unit  used  to  supply  the 
mechanical  force  to  the  control  sur¬ 
faces  for  each  channel  consists  of  an 
electric  motor  driving  a  cable  drum 
through  a  gear-reduction  system 
and  a  reversible  differential  assem¬ 
bly  incorporating  solenoid-actuated 
friction  clutches  and  brakes.  The 
cable  drum  is  connected  to  its  con¬ 
trol  surfaces  by  |-inch  flexible 
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steel  cables  which  attach  to  the 
main  control  cables  of  the  plane. 

The  shunt-wound  1/20-hp  d-c  mo¬ 
tor  in  each  servo  unit  operates  di¬ 
rectly  from  the  aircraft  storage 
battery,  and  runs  continuously  in 
the  same  direction  while  the  auto¬ 
pilot  is  in  operation. 

The  power  transmission  system 
that  couples  a  servo  motor  to  its 
cable  drum  is  illustrated  in  Fig.  6. 
The  motor  pinion  A  meshes  with 
clutch  gear  B,  which  in  turn  drives 
clutch  gear  C.  Each  of  these  gears 
has  a  cork  insert  on  the  side  away 
The  gears  rotate 


ntial  drive  gears  L  and  M.  The  relays  in  the  amplifier.  In  series 
rears  rotate  freely  on  the  differ-  with  each  operating  solenoid  is  a 
mtial  shaft,  one  on  each  side  of  the  cam-operated  limit  switch  which 
lifferential  crosshead  which  sui)-  prevents  the  servo  unit  from  driv- 
)orts  the  two  crosshead  bevel  pin-  ing  the  control  surfaces  against 
ons.  Rotation  of  the  crosshead  is  their  mechanical  stops.  A  0.5-^f 
ransmitted  to  the  cable  drum  capacitor  in  parallel  with  each 
.hrough  the  cable-drum  pinion.  solenoid-switch  combination  pre- 
Between  the  clutch  gears  and  vents  arcing  of  the  relay  contacts. 
;heir  adjacent  clutch-and-brake  The  balance  pot,  by  balancing  out 
iisks  are  coil  springs  N  and  0,  the  original  deviation  signal,  con- 
vhich  press  the  ball-bearing  hous-  trols  the  amount  of  cable-drum  ro- 
ngs  of  the  clutch  gears  in  one  di-  tation  resulting  from  a  given  devi- 
rection  against  clutch  arms  P  and  ation  of  the  airplane.  Its  wiper  is 
3,  and  press  the  operating  shafts  fastened  to  the  cable  drum  by 
D  and  E  in  the  other  direction  means  of  a  friction  clutch  that  fa- 
igainst  brake  arms  R  and  S.  cilitates  centering  the  wiper  at  the 

Two  brake  solenoids,  T  and  17,  •  electrical  center  of  the  pot  when  the 
ane  on  each  side  of  the  motor,  op-  control  surface  is  in  normal  flight 
srate  pullrods  which  compress  position. 

brake  tension  springs  V  and  W.  The  As  soon  as  the  autopilot  master- 
tensions  of  these  springs,  applied  switch  is  turned  on,  the  motors  in 
through  brake  arms  R  and  S  to  the  all  three  servo  units  begin  to  run. 
ends  of  the  operating  shafts,  force  Each  motor  drives  its  two  clutch 
the  brake  surfaces  of  the  clutch-  gears  in  opposite  directions.  These 
and-brake  disks  against  their  cork-  gears  rotate  freely  on  their  operat- 
faced  brake  rings.  ing  shafts  and  no  motion  is  trans- 

Two  operating  solenoids  X  and  Y  mitted  to  the  clutch-and-brake  disks 
apply  pressure  through  pushrods  which  are  in  their  neutral  positions, 
against  clutch  arms  P  and  Q  when-  Therefore,  the  cable  drum  can  be 
ever  the  operating  solenoids  are  rotated  freely  even  though  the  mo- 
energized.  The  clutch  arms  force  tor  is  running,  and  the  servo  units 
the  rotating  cork-lined  clutch  gears  will  not  interfere  with  manual  op- 
against  the  clutch-and-brake  disks,  eration  of  the  controls  until  the 

pilot  engages  the  servo  brakes. 

W.rU.,  s.<|...c.  of  S.r«.  U.M  ^fter  the  servo  brakes  have  been 

Operating  solenoids  are  ener-  engaged  the  operation  of  the  servo 
gized  individually  by  the  closing  of  unit  takes  place  in  the  following 


from  the  motor, 
continuously-  in  opposite  directions 
while  the  autopilot  is  in  operation. 

The  clutch  gears  rotate  on  ball 
bearings  which  are  fitted  to  two 
parallel  operating  shafts,  D  and  E, 
in  such  a  way  that  the  ball  bearings 
and  gears  are  free  to  slide  a  lim¬ 
ited  distance  along  the  shaft.  The 
shafts  in  turn  are  free  to  slide  end¬ 
wise  in  their  bearings  in  the  servo 
unit  frame. 
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Autopilot  control  panel,  mounted  within 
convenient  reach  oi  the  pilot.  With  the 
autopilot  in  control  at  any  given  altitude, 
the  plane  con  be  maneuvered  by  finger¬ 
tip  adSuitment  oi  the  turn-control  cmd  ele¬ 
vator  knobi  or  by  similar  remotely  located 
knobs  near  the  bombardier 
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Firmly  attached  to  each  operat¬ 
ing  shaft  is  a  clutch-and-brake  disk 
(F  and  G)  which  has  two  flat  fric¬ 
tion  surfaces.  One  surface  faces 
the  cork  insert  in  the  adjacent 
clutch  gear  and  the  other  faces  a 
similar  cork  insert  (H  and  I)  in  the 
brake  ring  fastened  to  the  servo 
unit  frame. 

Also  firmly  attached  to  the  oper¬ 
ating  shafts  are  gears  J  and  K  re- 
siiectively,  which  mesh  with  differ- 
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FIG.  6 — Pow«r  transmission  systom  of  a  servo  unit 
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manner:  When  an  a-c  bridge  or 
pilot-operated  control  transmits  a 
signal  to  an  amplifier,  calling  for 
movement  of  a  particular  control 
surface,  the  amplifier  channel  re¬ 
sponds  by  closing  one  or  the  other 
of  its  two  relays.  The  relay  con¬ 
tacts  then  complete  a  d-c  power  cir¬ 
cuit  that  energizes  the  correct  op¬ 
erating  solenoid  in  its  servo  unit. 
This  causes  the  solenoid  plunger 
and  push-rod  to  move  in  against  the 
clutch  arm,  which  in  turn  forces  the 
constantly  rotating  cork-faced 
clutch  gear  against  the  clutch  sur¬ 
face  of  the  clutch-and-brake  disc. 
Continued  inward  movement  of  the 
clutch  arm  moves  the  entire  clutch- 
and-brake  disc  assembly  length¬ 
wise,  compressing  the  brake  ten¬ 
sion  spring  and  forcing  the  brake 
surfaces  apart. 

As  soon  as  the  brake  surfaces  are 


Construction  oi  ths  turn  control,  showing 
th*  on-courso  dotant  in  tha  com  cmd  tha 
30-da9raa  stap  in  tha  ccnn  to  caution  tha 
pilot  making  turns  raquiring  staspar  bonks 

separated,  the  operating  shaft  is 
rotated  by  the  clutch  gear  and  trans¬ 
mits  its  motion  to  the  differential 
gear  assembly.  The  operating  sole¬ 
noid  thus  engages  the  clutch  and 
releases  the  brake  with  the  same 
motion,  insuring  that  the  cable 
drum  will  start  instantly  without 
slipping  back  during  the  engaging 
process. 

Since  only  one  operating  solenoid 
is  energized  at  any  one  time,  the 
above-described  condition  will  pre¬ 
vail  on  only  one  side  of  the  servo 
unit,  depending  upon  which  of  the 
two  relays  in  the  amplifier  channel 
was  closed.  The  other  gear  train 
will  remain  with  its  brake  engaged, 
so  that  while  one  side  of  the  differ¬ 
ential  is  being  driven,  the  other  side 
is  held  firm.  Energizing  of  the 
other  operating  solenoid  causes  re¬ 
verse  rotation  of  the  cable  drum. 


At  any  time  the  human  pilot  may 
open  the  engaging  switch  on  the 
autopilot  control  panel,  and  thereby 
release  both  brakes  in  the  servo 
unit.  When  both  brakes  are  re¬ 
leased,  the  operating  solenoids  can¬ 
not  cause  cable  drum  rotation  be¬ 
cause  the  differential  is  free  to  idle. 

Tani  Coatrol 

While  the  airplane  is  flying  un¬ 
der  autopilot  control,  the  pilot  or 
bombardier  can  maneuver  the  air¬ 
plane  to  make  a  properly  coordin¬ 
ated  turn.  This  is  done  through 
the  turn  control  incorporated  in  the 
control  unit.  A  corresponding  but 
separate  control  is  provided  for  op¬ 
eration  of  the  airplane  from  a  re¬ 
mote  location  by  the  bombardier  or 
flight  engineer. 

The  turn  control  consists  of  a 
knob-operated  pot  combined  with  a 
triple-contact  spring-leaf  switch, 
operated  by  a  cam  on  the  same 
shaft.  This  pot  is  connected  into 
the  aileron  and  rudder  bridge  cir¬ 
cuits  in  such  a  way  that  any  dis¬ 
placement  of  the  pot  wiper  produces 
signals  which  result  in  coordinated 
movement  of  ailerons  and  rudder 
to  produce  a  properly  banked  turn. 

When  the  turn  control  knob  is  at 
the  center  position,  the  cam  switch 
is  open,  but  it  closes  when  the  con¬ 
trol  knob  is  moved  in  either  direc¬ 
tion  to  make  a  turn.  Closure  of  the 
switch  locks  the  directional  gyro 
so  that  it  cannot  put  in  signals  to 


oppose  desired  turning  maneuvers. 

Besides  a  detent  which  holds  the 
knob  at  center  and  simultaneously 
opens  the  switch,  other  steps  are 
provided  on  the  cam  to  indicate  the 
approach  of  the  airplane  to  the 
maximum  40-degree  banking  limit 
inherent  in  the  autopilot  system. 
Humps  are  provided  on  either  side 
of  the  detent  to  stop  the  free  rota¬ 
tion  of  the  knob  at  the  zero  point, 
so  the  pilot  will  be  reminded  to  let 
the  aircraft  return  to  straight-and- 
level  flight  before  he  brings  the 
knob  back  to  the  center  to  restore 
autopilot  directional  control. 

AdjHsfiiig  tb«  CaHtcrisg  Controls 

Before  engaging  the  servo  units, 
the  pilot  must  mechanically  trim 
the  airplane  for  straight-and-level 
flight.  This  establishes  each  servo 
balance  pot  wiper  at  a  position  cor¬ 
responding  to  mechanical  trim  of 
its  control  surface.  The  pilot  then 
adjusts  each  centering  knob  on  the 
autopilot  control  panel  to  align  the 
electrical  balance  point  of  each 
bridge  circuit  with  this  mechanical 
trim  position  of  the  balance  pot 
wiper.  After  the  engaging  switches 
have  been  snapped  on,  the  autopilot 
system,  by  always  returning  the 
balance  pot  wiper  to  its  trimmed  po¬ 
sition,  will  keep  the  airplane  in 
straight-and-level  flight. 

Directly  above  each  centering 
control  knob  is  a  pair  of  indicating 
lights  which  are  connected  in 
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Vertical  gyro  oi  autopilot,  with  housing  remoyed  to  show  the  erecting  mech¬ 
anism  that  keeps  the  gyro  lined  up  with  the  pull  oi  grority  despite  rotation  oi 
the  earth.  The  gyro  rotor  is  a  cup-shaped  mass  surrounding  and  driyen  by  on 
electric  motor  in  the  center  oi  the  assembly 
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DIREaiONAL  STABILIZER 
MOUNTING  IN  NOSE  SEaiON 
OF  AT-11  BOMBER 


BueeiE 
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MOUNTING  OAMP 
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Example  of  limit  iwitch  used  to  preTent  a  senro  unit  from 
lamming  the  control  surfaces  of  die  plane  against  their  stops 


This  gyro  detects  off-course  deviations  and  causes  potentio¬ 
meters  to  produce  signals  calling  for  the  required  maneuver 


parallel  with  the  operating  sole¬ 
noids  of  the  corresponding  servo 
unit.  One  light  or  the  other  of  each 
pair  is  illuminated  whenever  the 
autopilot  amplifier  is  calling  for 
servo  unit  rotation,  whether  or  not 
the  servo  unit  is  engaged.  Thus, 
when  the  pilot  is  engaging  the  auto¬ 
pilot  to  the  airplane,  the  illumina¬ 
tion  of  either  tell-tale  light  indi¬ 
cates  that  the  balance  point  of  the 
bridge  circuit  is  not  lined  up  with 
the  trim  position  of  the  balance  pot 
wiper,  and  further  adjustment  of 
the  corresponding  centering  control 
is  required. 

Exampl*  of  Oporotioo 

A  step-by-step  description  of  the 
action  of  the  autopilot  in  correcting 
a  pitch-axis  deviation  will  give  the 
simplest  fundamental  principles  in¬ 
volved  in  correcting  deviations,  for 
no  aileron  or  rudder  movements  are 
required  for  pitch  axis  deviations. 

When  the  airplane  is  in  straight- 
and-level  flight,  the  elevator  pickup 
pot  in  the  gyro  is  at  its  normal  po¬ 
sition  and  the  balance  pot  of  the 
elevator  servo  is  centered,  holding 
the  elevator  control  surfaces  in  their 
normal,  level-flight  position.  Under 
this  condition  the  bridge  circuit  is 
balanced  and  no  correcting  signal 
is  applied  to  the  amplifier. 

Assume  now  that  a  sudden  air 
current  raises  the  nose  of  the  air¬ 
plane.  The  gyro  case  and  its  at¬ 
tached  elevator  pickup  pot  tilt  with 
the  plane,  causing  displacement  of 
the  pot  wiper  and  unbalancing  of 


the  bridge  circuit,  with  the  result 
that  a  correcting  signal  is  applied 
to  the  elevator  channel.  This  causes 
the  down-elevator  relay  in  the  am¬ 
plifier  channel  to  close,  sending  a 
down-elevator  impulse  to  the  ele¬ 
vator  servo  unit.  The  servo  unit 
responds  by  driving  the  elevator 
control  surfaces  downward  by 
means  of  cables,  thereby  lowering 
the  nose  of  the  plane.  The  direction 
of  rotation  is  such  that  the  balance 
pot  wiper  on  the  servo  unit  ap¬ 
proaches  a  position  where  the 
bridge  circuit  will  again  be  bal¬ 
anced. 

As  the  airplane  begins  to  Jevel 
off,  the  pickup  pot  in  the  vertical- 
flight  gyro  begins  to  return  to  its 
normal  position.  At  some  interme¬ 
diate  position  the  bridge  circuit 
will  again  become  balanced  and  the 
down-elevator  relay  will  be  re¬ 
leased.  At  this  point  the  servo  ca¬ 
ble  drum  will  stop,  with  down-ele¬ 
vator  still  applied. 

It  is  now  necessary  to  return  the 
control  surface  to  neutral  to  pre¬ 
vent  over-control.  This  is  achieved 
automatically  because  as  the  plane 
continues  leveling  off,  the  g3rro  un¬ 
balances  the  bridge  circuit  in  the 
opposite  direction.  Now  the  up- 
elevator  relay  closes,  resulting  in 
opposite  rotation  of  the  servo  unit 
and  upward  movement  of  the  ele¬ 
vator,  back  toward  its  normal 
level-flight  position.  This  principle 
is  basic  in  aircraft  control;  after 
a  correction  has  been  applied  by 
moving  a  control  surface  away 


from  its  normal  position,  the  con¬ 
trol  surface  must  be  returned  to 
normal  again. 

As  the  airplane  approaches  level 
flight  attitude,  the  speed  of  control- 
surface  movement  is  gradually  re¬ 
duced  by  the  autopilot.  By  the  time 
the  airplane  reaches  its  normal 
level-flight  attitude,  the  bridge  cir¬ 
cuit  is  again  balanced,  this  time 
with  all  pots  electrically  centered, 
and  the  autopilot  action  ceases.  The 
separate  steps  described  above  actu¬ 
ally  take  place  in  a  gradual  progres¬ 
sion,  each  movement  blending  into 
the  next  to  produce  smooth  correc¬ 
tion  that  may  be  rapid  at  first,  but 
which  tapers  off  smoothly  as  the 
plane  resumes  its  normal  flight  at¬ 
titude. 

Commercial  Futere  of  Aatopilof 

In  announcing  the  development 
of  the  C-1  autopilot  and  the  elec¬ 
tronic  turbo  regulator  system  de¬ 
scribed  in  May  1944  ELECTRONICS, 
W.  J.  McCroldrick,  vice-president 
in  charge  of  aeronautical  engineer¬ 
ing  for  Minneapolis-Honeywell  Reg¬ 
ulator  Company,  pointed  out  that 
these  electronic  controls  take  over 
some  of  the  duties  of  the  flight  crew 
and  enable  the  pilot  and  flight  engi¬ 
neer  to  perform  their  work  more 
effectively  in  the  rarefied  air  of 
the  upper  atmosphere.  Planes  like 
the  B-29  become  easy  to  fly  despite 
their  huge  size  and  weight,  indi¬ 
cating  an  important  role  for  these 
electronic  controls  in  passenger  and 
freight  Stratoliners  of  the  future. 
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CIRCUIT  -  CONSTANT 


For  experimental  work  imolving  the  use  of  components  of-  unknown  value,  useful 
measurements  of  resonaut  fr  -pieucy,  inductance,  capacitance,  and  Q  can  be  made  with 
this  portable,  conveniently  operated  instrument 
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FIG.  1 — Wiring  diagram  of  the  circuit-constant  checker. 
Resonant  tank  for  capacitance  measurements  and  capaci¬ 


tance  standard  for  inductance  measurements  are  inter¬ 
changeably  connected  to  probe  binding-posts  at  right 


IN  experimental  work  where  val¬ 
ues  of  existing  parts  are  altered 
to  fit  new  needs,  the  writer  has 
found  use  for  a  small  portable  in-  slide-back- voltmeter  fashion,  al- 
strument  that  will  rapidly  measure  though  no  absolute  voltage  measure- 
quantities  such  as  resonant  fre-  ments  are  made.  When  the  bucking 
quency,  inductance,  capacitance  and  potential  is  equal  to  the  peak  r-f 
Q.  voltage,  zero  bias  appears  on  the 

Basically,  the  instrument  to  be  grid  of  the  6E5  tuning  indicator 
described  uses  the  resonance  method  which  is  thus  made  to  just  close  at 
of  measurement.  As  diagrammed  in  resonance  over  a  wide  range  of  load 
Fig.  1,  the  unit  is  composed  of  a  Q.  In  addition  a  spst  toggle-switch 
calibrated  oscillator  (90  kc-25  Me)  is  provided  to  reduce  the  bucking 
driving  a  pentode  amplifier.  For  voltage  to  71  percent  of  its  initial 
practical  purposes,  the  amplifier  value,  which  permits  determination 
can  be  considered  a  constant-cur-  of  the  off -resonance  points  where 
rent  generator  in  which  the  de-  the  developed  voltage  has  dropped 
veloped  resonance-voltage  is  pro-  to  71  percent  of  maximum  reso- 
portional  to  the  Q  of  the  load.  The  nance  value, 
amplifier  and  accoippanying  diode 

are  mounted  inside  a  probe,  illus-  Dwign  Considerations 

trated  in  Fig.  2.  Selection  of  tubes  for  use  in  the 

A  panel  control  is  provided  on  probe  amplifier  is  a  compromise  be- 
the  checking  unit  itself  to  introduce  tween  shunt  capacitance  and 
a  bucking  potential  to  the  diode  in  High-frequency  tubes  materially 


reduce  capacitance,  but  develop  in¬ 
sufficient  voltage  across  low  Q  cir¬ 
cuits. 

The  positive  terminal  of  the  in¬ 
strument  power-supply  is  grounded. 
This  conveniently  permits  the  cold 
end  of  the  resonant  circuit  to  be  at 
ground  d-c  potential.  An  original 
model  used  an  a-c/d-c  type  of  power 
supply,  but  the  lack  of  line  isolation 
was  found  to  be  highly  undesirable. 

Panel  binding  posts  are  provided 
for  connecting  an  external  vtvm  to 
the  probe  diode  for  more  accurate 
Q  measurements.  Also,  there  is  pro¬ 
vision  for  cortnecting  to  the  oscil¬ 
lator  tank  circuit  an  external  vari¬ 
able  capacitor  for  making  small  in¬ 
cremental  changes  in  frequency. 
This  is  useful  in  testing  frequency- 
discriminator  circuits. 


Inotrument  Dept. 

Carbide  d  Carbon  Chemical  Corp, 
South  Charleeton,  W.  Va. 


Op«ratI»g  Proeedur* 

In  determining  the  resonant  fre¬ 
quency  of  a  tank  circuit,  the  tank  is 
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connected  across  the  measuring 
terminals  of  the  probe  and  the  oscil¬ 
lator  is  adjusted  for  resonance  as 
indicated  by  the  6E5.  Since  the 
pentode  will  act  as  a  frequency 
multiplier,  resonance  will  be  indi¬ 
cated  at  sub-harmonics  of  the  tank 
fundamental,  but  this  is  not  ob¬ 
jectionable  because  the  developed 
tank-voltag^  .is  always  greater  at 
the  fundamental  frequency.  'Also 
the  fundamental  is  the  highest  fre¬ 
quency  at  which  any  voltage  can  be 
developed. 

Capacitance  can  be  measured  by 
connecting  a  standard  tank  and  the 
capacitor  to  be  measured  across  the 
measuring  terminals.  When  the  os¬ 
cillator  is  adjusted  for  resonance 
C  =  l/aj*L  where  C  is  the  total  tank 
capacitance. .  The  capacitance  scales 
should  preferably  utilize  the  two 
lowest  frequency  bands.  The  low 
end  of  the  calibration  is  sufficiently 
spread  to  allow  capacitance  meas¬ 
urements  to  be  made  on  video  am¬ 
plifiers,  while  the  upper  limit  is 
about  100  ixfif.  With  the  particu- 


Th«  circuit-constant  chock- 
or.  At  tho  loft  aro  tho 
tuning  indicator,  bond  so- 
loctor.  connoctions  for  ox- 
tomal  Ttrm.  ond  bucking- 
Yoltago  potontiomotor.  Bo- 
low  tho  lorgo  oscillator¬ 
tuning  control  oro  tho  on- 
off  and  tho  Q  switch.  Ex- 
tomal  tuning-capacitor  ro- 
coptaclo  is  at  tho  right 


against  a  standard  Q  meter  or  some 
other  capacitance  standard,  rather 
than  by  computation  based  on  the 
inductance  and  total  capacitance  of 
the  standard  tank. 

Inductance  measurements  are 
made  in  a  similar  manner  by  using 
a  fixed  capacitance  standard.  With 
a  387  fifif  standard  and  the  13  fiixf 
residual  probe  capacity,  the  formula 
for  L  simplifies  to  L  =  63.2  X  10V/* 
where  /  is  in  kc  and  L  is  effective 
series  inductance  in  /ih.  The  effec¬ 
tive  series  inductance  may  differ 
from  the  true  inductance  by  less 
than  2  percent  for  coils  having  less 
than  10  nfif  of  distributed  capaci¬ 
tance.  The  inductance  range  is  l/ih 
to  9  mh. 

Determinations  of  Q  can  be 
roughly  made  by  using  the  'fre¬ 
quency-variation  method.  If  the 
coil  is  shunted  by  an  air  capacitor 


-  yPr  -  Fj\Fr  +  FoA  1 
where  F,  and  F,  are  the  resonant 
frequency  and  voltage  respectively 
and  F«  and  Fo  are  the  off-resonant 
frequency  and  voltage  respectively. 

When  F,/Fo  =  V2,  as  is  the  case 
when  using  the  instrument  Q-switch 
— and  also  assuming  that  the  first 
two  terms  of  the  equation  above  are 
equal  to  iF,/(F,  —  F.) — the  equa¬ 
tion  simplifies  to  Q  =  Fr/A/  where 
A/  is  the  frequency  difference  be¬ 
tween  the  points  at  which  response 
is  down  to  71  percent.  The  above 
assumption  contributes  error  at  low 
Q  values,  but  it  is  less  than  the  ac¬ 
curacy  of  measurement.  It  is  best 
to  find  A/  by  multiplying  dial-di¬ 
vision  difference  by  kc  per  division 
for  the  particular  portion  of  the 
dial  used.  For  very  high  Q  values, 
this  method  again  becomes  approxi¬ 
mate  because  of  the  inability  of  de¬ 
termining  A/  closely  enough  and 
also  because  of  the  finite  dynamic 
plate  resistance  of  the  pentode  am¬ 
plifier  and  diode. 

These  Q  measurements  are  sim¬ 
ple  but,  at  best,  they  are  quite 
rough.  When  greater  accuracy  is  de¬ 
sirable,  the  reactance  -  variation 
method  is  recommended.  Still  other 
measuring  methods  will  suggest 
themselves,  based  on  a  high-imped- 
ance  r-f  source. 


’iginal 
power 
)lation 
irable. 
ovided 
tvm  to 
curate 
is  pro- 
oscil- 
1  vari- 
lall  in- 
[uency. 
uency- 


FIG.  2 — Probe,  which  U  permanently 
connected  to  checker  proper,  is  shown 
at  left  equipped  with  resonant  tank  for 
capacitance  measurements  and  at 
right  with  capacitance  standard  re¬ 
placing  tank,  and  inductance  in  place 
for  checking 
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Frequency  Allocation  for 


o 

The  problem  arises,  in  many 
radio-electronic  applications,  of 
selecting  the  frequencies  to  be  as¬ 
signed  to  each  of  a  group  of  fre¬ 
quency-selective  control  circuits  so 
that  the  total  cross-talk  due  both  to 
adjacent-channel  proximity  and  to 
system  distortion  does  not  exceed  a 
prescribed  value. 

A  usable*  frequency  distribution 
plan  could  be  obtained  by  experi¬ 
mentally  trying  different  frequency 
combinations,  or  by  empirically  ar¬ 
ranging  selectivity  response  curves 
for  each  channel  on  a  frequency 
scale  until  a  satisfactory  compro¬ 
mise  arrangement  were  obtained. 
The  first  method  has  obvious  util¬ 
ity  only  when  the  number  of  chan¬ 
nels  is  small,  whereas  the  second 
provides  no  information  regarding 
the  effect  of  system  distortion. 

In  the  event  that  all  channel  fil¬ 
ters  are  of  the  same  type  and  have 
similar  Q  factors,  as  is  commonly 
the  case,  a  solution  can  be  de¬ 
veloped  based  upon  an  analytic  al¬ 
location  plan  which  will  provide 
equal  electrical  performance  on  all 
channels  and  from  which  the  prob¬ 
lems  arising  from  operation  of  any 
number  of  channels  can  be  solved. 

Logarithmic  Distribation 

Just  as  the  frequency  response  of 
each  of  a  series  of  selector  filters 
of  equal  electrical  characteristics 
but  different  channel  frequencies 
can  be  written  by  identical  equa¬ 
tions  when  expressed  in  percents  of 
their  respective  channel  fre¬ 
quencies,  so  if  the  frequency  separa¬ 
tion  between  successive  channels 
can  be  written  by  identical  equa¬ 
tions,  each  channel  will  be  as  well 
situated  electrically  as  any  other.  If 
the  percent  frequency  separation 
between  channels  is  constant,  such 
identical  equations  can  be  written. 
The  requirement  that  no  one  chan¬ 
nel  be  favored  over  the  others  in  its 
separation  allotment  is  fulfilled  if 
separation  be  based  on  a  constant 
percent  of  the  mean  of  the  respec¬ 


This  method  for  assigning  channel  frequencies  takes 
into  account  the  response  of  the  filter  circuits,  and 
cross-talk  due  to  channel  proximity.  It  provides  the 
same  electrical  performance  on  all  channels,  and 
distributes  the  channels  so  that  harmonic  interfer¬ 
ence  is  minimized 
• 


By  S.  W.  LICHTMAN* 

Radio  Engineer 

Ifaral  Air  Experimental  Station 
Xaval  Air  Materiel  Center 
Philadelphia,  Pa. 


tive  channel  frequencies.  That  this 
is  so  will  become  more  apparent 
when  the  expressions  for  band  al¬ 
location  are  derived. 

It  will  be  shown  that  a  logarith¬ 
mic  distribution  provides  this  con¬ 
stant  mean-frequency  separation. 
Let : 

n  =  channel  number,  where  channels  are 
numbered  consecutively  from  1  to  V  starting 
with  the  lowest-frequency  channel 
fn  =  frequency  of  any  specific  channel 
number  . 

fmax  =  frequency  of  highest-frequency 
channel,  numbered  A' 
fmin  =  frequency  of  lowest-frequency  chan¬ 
nel,  number^  1 

m  =  slope  constant,  defined  by  the  follow¬ 
ing: 

n  =  1  -1-  TO  log  (fn/fmin)  (1) 

dn  =  m(dfn/fn)  logic  *  =  0.434TO(d/,//„)  (2) 

Rewriting  Eq.  (2), 

dn/dfn  =  0.434to//„  (3) 

This  equation  states  that  chan¬ 
nel  separation  is  related  to  the  chan¬ 
nel  frequency  by  a  constant.  That 
is,  a  logarithmic  allocation  plan 
provides  mean  frequency  separa¬ 
tion  between  all  channels,  as  has 
been  shown  to  be  the  most  desirable 
arrangement. 

To  obtain  suitable  design  equa¬ 
tions  it  is  necessary  to  evaluate  the 


•  All  statements,  opinions  anil  assertions 
appearing  in  this  paper  are  those  of  the 
writer  and  are  not  to  be  construed  as 
official  or  reflecting  the  views  of  the  Naval 
Department  or  the  naval  service  at  large. 


slope  constant,  >»,  and  obtain  gen¬ 
eral  expressions  for  any  channel 
frequency  and  for  the  channel 
separation. 

If  dn  is  made  equal  to  unity,  Eq. 
(2)  reduces  to 

dfn/U  -  2.303/to  (4) 

Writing  the  general  Eq.  (1)  for 
the  particular  channels  nl  and  n2 
where  the  1  and  2  indicate  differ¬ 
ent  channels,  n2  being  higher  than 
nl  but  in  no  other  way  specifying 
the  location  of  these  two  channels 
in  the  frequency  spectrum,  the  fol¬ 
lowing  expressions  are  obtained: 


nl  =  1  -h  TOlog(/»j//m,-,) 

(5^ 

n2  =  1  -1-  rnlogifns/fmin) 

(6) 

n2  -  nl  =  TOlog(/nt//.i) 

(7) 

n2  —  nl 

(8) 

”  log  ifM 

Rewriting  Eq.  (1)  in 

exponential 

form 

fn/fmin  =  10(»-») /" 

or 

(9) 

Eliminating  m  between  Eq.  (8) 

and  (9),  and  letting  nl  =  1,  and 
n2  —  N 

fn  =  Uin  10  [(--‘)  >»«  (10) 

Eliminating  ni  between  Eq.  (4)  and 
(8),  and  evaluating  as  in  Eq.  (10) 


/ 


2.303 
AT-  1 


(11) 
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logarithmic  derivation,  r  can  be 
evaluated. 

r  -  10  [•«>«  (16) 

The  remainder  of  the  derivation 
need  not  be  reproduced.  That  the 
geometric  and  logarithmic  plans  of 
allotment  are  identical  has  been 
verified,  arid  the  concept  of  a  chan¬ 
nel  multiplier  has  been  introduced 
to  replace  the  slope  constant  which 
arose  in  the  logarithmic  derivation. 


Frcqaency  ScparotioH 
Harmoiiict 


Having  determined  the  plan  by 
which  channel  frequencies  will  be 
alloted,  it  is  next  essential  to  ex¬ 
amine  the  manner  in  which  the  har¬ 
monics  of  the  channels  will  dis¬ 
tribute  themselves  throughout  the 
frequency  spjectrum.  The  channels 
can  then  be  assigned  frequencies 
both  in  accordance  with  the  previ¬ 
ous  relations  and  also  in  such  a 
sequence  that  interference  in  any 
channel  from  harmonics  of  the 
lower  channels  will  be  a  minimum. 
Let: 

k  =  the  order  of  the  harmonic 
A/  =  the  separation  between  a  harmonic 
and  a  channel 

a/  *  relative  separation  between  channds 
a*  =  relative  separation  between  a  har¬ 
monic  and  a  channel 

Mathematically  these  terms  are 
defined  as  follows : 


FKS.  1 — When  the  ratio  between  aucceasiTe  channel  irequenciea  ia  die 
aeporation  between  a  given  harmonic  of  the  loweat  channel  and  any  of  the 
other  channela  ia  oa  ahown.  The  graph  con  be  uaed  for  harmonica  of  other 
chonnela  by  ahifting  the  channel  No.  acale  to  the  left 


derivation  will  also  be  briefly  pre¬ 
sented. 

If  the  frequencies  of  the  chan¬ 
nels  are  in  a  geometric  series  the 
expression  for  any  channel  fre¬ 
quency  is 


which  is  the  frequency  separation 
between  the  h  order  harmonic  of 
the  nl  channel,  and  the  n2  channel 
itself.  Relative  channel  separations 
then  are 


(higher  channel) 


r  —  1  (lower  channel) 
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therefore 

0») 

In  particular,  if  nl  equals  the 
first  channel,  r  =  V2,  and  n2  as¬ 
sumes  channel  numbers  from  1  to 
8,  the  plot  of  Fig.  1  results. 

Equation  (20)  gives  the  relative 
separation  between  the  h  harmonic 
of  channel  nl,  and  channel  n2.  How¬ 
ever,  it  is  not  necessary  to  solve 
the  equation  for  all  possible  combi¬ 
nations  of  nl  and  n2.  The  single 
solution  plotted  in  Fig.  1  suffices 
(for  cases  where  r  =  V2).  If,  for 
instance,  it  is  required  to  obtain 
the  same  information  for  the  prox¬ 
imity  of  the  harmonics  of  channel 
2  to  the  other  channels,  shift  the 
channel  numbers  one  unit  to  the 
left.  In  this  manner,  the  relative 
locations  of  the  harmonics  of  all 
the  channels  can  be  studied. 

To  generalize  Eq.  (20)  further  it 


is  necessary  to  eliminate  the  chan¬ 
nel  multiplier,  which  can  be  done 
as  follows: 

From  Eq.  (17), 


From  Eq.  (20), 


r 


CQ^+IJ 


(21) 

(22) 


Equating  Eq.  (21)  and  (22)  and 
solving  for  *», 


a*  -  h(l  -  -  1  (23) 


GcMrol  HarmoRie  ScparatloR  CRrvRS 

As  in  Eq.  (20),  if  nl  in  Eq.  (23) 
equals  the  first  channel  and  n2  as¬ 
sumes  successive  channel  numbers,' 
a  plot  results  which,  by  proper  ma¬ 
nipulation  of  the  channel  axis,  will 
give  the  information  for  all  chan¬ 
nels.  It  is  only  necessary  to  con- , 
sider  the  harmonics  of  the  lowest 
channel  in  the  following  discussion, 


the  method  of  generalization  being 
understood. 

Equation  (23)  relates  the  fre¬ 
quency  separation  ratio  between 
channels  and  harmonics  for  any  or¬ 
der  of  harmonic  and  any  number 
of  channels.  As  this  equation  in¬ 
volves  analytic  relations,  without 
reference  to  specific  circuit  prop¬ 
erties,  separate  families  of  curves 
can  be  plotted  for  each  order  har¬ 
monic  corresponding  to  a  specified 
number  of  channels.  These  will 
then  be  general  curves  associating 
the  channel  to  harmonic  frequency 
separations  with  any  of  the  chan¬ 
nels  and  for  each  harmonic  con¬ 
sidered.  Figures  2  and  3  are  plotted 
from  Eq.  (23)  for  the  second  to 
fifth  harmonics  inclusive,  showing 
curves  applicable  for  up  to  fifteen 
channels. 

To  use  these  families  of  curves,  a 
t5T)ical  selectivity  curve  for  one  of 


FIG.  2 — G«n*ral  design  work  sheets  showing  the  separation  between  a  harmonic  and  the  channels  as  a  function  of  the  separation 
of  the  channels  themselyes.  Curres  ore  plotted  for  systems  up  to  fifteen  channels;  thus,  the  curre  n2  =  8  is  for  a  six- 
channel  system.  The  heory-line  portion  of  each  curee  indicates  the  cyclic  eariation  of  the  optimum  channel  separation 
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the  channel  filters  is  required.  Fig¬ 
ure  4,  for  example,  may  be  used 
to  illustrate  applications  of  the 
method.  Shown  also  in  this  figure 
are  selectivity  curves  corresponding 
to  10  and  25  percent  total  distor¬ 
tion.  The  channel  information  is 
expressed  in  percent  separation 
from  the  channel  frequency  for 
convenience  in  application  of  Eq. 
(23)  or  of  the  harmonic  work 
sheets. 

ExampI* 

For  a  system  of  ten  channel  se- 
iectors,  a  qhannel  multiplier  of  1.48, 
and  a  signal  distortion  of  25  per¬ 
cent  second  harmonic  and  10 
percent  third  harmonic,  it  is  de¬ 
sired  to  know  the  maximum  cross¬ 
talk  on  any  channel  resulting  from 
adjacent-channel  proximity  and 
harmonic  distortion.  Figure  4  will 
be  used  as  a  typical  selectivity  char¬ 


acteristic  for  the  channel  filters. 

The  channel  separation  ratio  de¬ 
termined  from  Eq.  (17)  for  r  = 
1.48  is  32.4  percent  and  48.0  percent 
respectively.  Reference  to  Fig.  4 
gives  6.5  percent  (point  A)  and  8.5 
percent  (point  B)  cross-talk  due  to 
adjacent-channel  coupling.  These 
two  values  are  for  the  two  adjacent 
channels,  one  above  and  one  below 
the  channel  under  consideration. 
Referring  to  the  harmonic  families 
of  curves  on  Fig.  2,  corresponding 
to  a  32.4  percent  channel  separation 
for  a  ten  channel  system  the  second 
harmonic  will  pass  as  close  as  8.7 
percent,  and  the  third  harmonic  as 
close  as  7.4  percent  to  the  nearest 
channel,  and  on  the  low-frequency 
side.  When  these  quantities  are 
used  in  Fig.  4,  it  is  found  that  for 
the  above  conditions  the  maximum 
cross-talk  on  the  channel  which  is 
the  most  affected  by  second  har¬ 


monic  from  a  lower  channel  will  be 
32.2  percent  (point  C),  and  on  the 
channel  similarly  affected  by  third 
harmonic  will  be  13.0  percent  (point 
D).  The  cross-talk  on  the  lowest 
channel  will  be  8.5  percent  from 
the  second  channel  proximity.  On 
the  second  channel,  cross-talk  will 
be  6.5  percent  from  first  channel 
proximity  and  8.5  percent  from 
third  channel  proximity.  The  third 
channel  will  be  affected  by  second 
and  fourth  channel  proximity,  and 
by  32.2  percent  second  harmonic 
from  the  lowest  channel.  The  fourth 
channel  will  have  channel  proximity 
cross-talk,  and  in  addition  third 
harmonic  from  the  lowest  channel, 
and  second  harmonic  from  the  sec¬ 
ond  channel.  The  maximum  cross¬ 
talk  which  can  appear  on  any  chan¬ 
nel,  as  obtained  by  taking  the  quad¬ 
rature  sum  of  all  cross-talk  terms, 
is  (6.5*  +  8.5*  -h  32.2’  -f  13.0*)*  = 


FIG.  3— ThMe  or*  the  tome  type  cunrei  as  in  Fig.  2,  but  for  higher  harmonics.  Over  the  heavy  portion  oi  each  curve,  harmonic  to 
channel  separation  is  small.  Beyond  the  heavy-line  regions,  channel  separation  is  either  dangerously  smoll  or  unnecessarily  large. 
The  end  points  of  the  heavy  lines  locate  the  optimum  channel  separations,  a  compromise  between  channel  and  harmonic  interference 
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manipulating  the  channel  fre¬ 
quencies.  In  extreme  cases,  it  is 
conceivable  that  the  latter  pro¬ 
cedure  will  prove  most  effective. 


OptimHin  CbaRii*l  Multipliers 

In  the  process  of  utilizing  the 
harmonic  versus  channfl  separation 
curves,  it  is  evident  that  the  ordi¬ 
nate  erected  at  any  channel  separa¬ 
tion  value  determines  the  relative 
frequency  separation  from  the  chan¬ 
nel  frequency  for  the  particular 
harmonic  involved.  From  these 
curves,  it  is  therefore  possible  with 
the  aid  of  a  pair  of  dividers  to  de¬ 
termine  the  closest  harmonic  sepa¬ 
ration  from  any  of  the  channels. 
Supplementary  curves  can  thus  be 
derived  to  designate  this  condition. 
The  heavy  lines  of  Fig.  2  and  3 
show  that  part  of  the  curves  used 
to  give  this  supplementary  type  of 
graph.  An  examination  of  such 
curves  discloses  the  interesting  fact 
that  they  vary  cyclically,  and  for 
any  harmonic  there  correspond 
specific  allocation  plans  for  channel 
frequency  separations,  which  result 
in  the  greatest  harmonic  separation 
from  any  of  the  channels. 

In  the  event  the  channel  selectiv¬ 
ity  curves  are  symmetrical  about 
the  channel  frequency,  these  oper¬ 
ating  points  denote  conditions  for 
minimum  cross-talk.  Accordingly, 
the  maximum  amplitude  points  of 
the  supplementary  curves  establish 
optimum  frequency  allocation  plans, 
applicable  to  any  filter-channel  sys¬ 
tem  employing  elements  with 
symmetrical  selectivity  responses. 
Optimum  locations  may  be  read  di¬ 
rectly  from  the  curves.  For  pur¬ 
poses  of  tabulation,  however,  the 

36.4  percent,  the  maximum  cross-  (12),  thereby  providing  a  complete  accuracy  may  be  improved  by  re¬ 
talk  the  circuits  must  tolerate.  solution. 

For  a  ten-channel  selector,  de¬ 
termine  the  maximum  cross-talk  on 
any  channel  as  a  function  of  the 
channel  multiplier.  The  system  may 
contain  either  10  percent  or  25 
percent  second  harmonic  distortion. 

This  is  a  continuation  of  the  above 
type  of  example  but  involves  com¬ 
putation  of  the  total  distortion  cor¬ 
responding  to  various  values  of  r. 

Figure  5  is  a  plot  of  the  results  ob¬ 
tained.  From  this  type  of  curve  the 
most  suitable  value  of  r  can  be  se¬ 
lected  by  inspection.  The  ratio 
between  the  highest  and  lowest 
channel  frequencies  can  then  be 
computed  by  application  of  Eq. 


Percenf  Frequency  Separa+ion  from  Channel  Frec|.oency 


FIG.  4 — Frequency  response  oi  the  channel  selector  used  in  the  illustratire 
examples.  Instead  oi  considerinq  the  distortion  component  as  a  percent  of 
the  signal,  the  redlponse  oi  the  channel  selector  to  the  distortion  is  considered 
os  o  percent  of  the  respoiue  to  the  signed.  Response  curres  corresponding  to 
25  percent  and  10  percent  distortion  ore  plotted  on  toe  same  aids  to  iocilitate 
cross-todk  calculations 


Channel  Frequency  Multiplier 


FIG.  5— From  Fig.  2  and  3  too  harmonic  to  channel  separation  for  o  gieen 
choimel  separation  is  determined.  With  this  harmonic  seporatlon  and  Fig.  4. 
toe  percent  harmonic  cross-talk  is  determined.  This  plus  the  channel  proximity 
cross-talk  are  combined  ond  plotted  against  toe  given  channel  sepmation 
(converted  to  choimel  multiplier).  Repeodng  this  procedure  for  various  values 
of  channel  separation  gives  the  above  graph.  The  utility  oi  such  a  plot  is  in 
determining  the  chonnel  multiplier  which  will  give  the  mlnimMnri  or  the  per¬ 
missible  cross-talk.  The  plot  shown  here  is  for  a  ten-channel  system 


TABLE  1  —  OPTIMUM 
CHANNEL  MULTIPLIERS 


Method  If  Response  of  Channels  Differ 

The  examples  involved  a  selec¬ 
tivity  characteristic  typical  to  all 
channels.  Where  these  differ  much 
from  one  another  the  method  de¬ 
veloped  here  can  still  be  applied. 
Each  channel  selectivity  response 
must  be  treated  separately  in  the 
manner  applied  to  the  typical  or 
average  response  curve. 

If  the  Q  of  the  circuits  and  their 
frequency  responses  vary  widely, 
however,  the  allocation  plan  can  be 
improved  by  compromising  results 
of  this  method  with  the  best  per¬ 
formance  reached  by  experimentally 
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sorting  to  computation  from  a  de¬ 
rived  formula. 

MaxiaMin  Harmoaic  Saparatiea 

Let  oL^i  and  %u  be  the  harmonic 
separation  for  any  two  successive 
channels.  From  examination  of 
Fig.  2  and  3  it  is  seen  that  maxi¬ 
mum  separation  of  harmonics  from 
channels  occurs  at 

0*1  -|-  o*j  “  0  (24) 

By  applying  Eq.  (23)  and  manipu¬ 
lating,  there  results 

r  =  |(A/2)(1  -h  r)Y/^  (25) 

This  equation  can  be  solved  on  a 
log-log  slide  rule. 

In  Table  1  are  optimum  values 
for  the  channel  frequency  multi¬ 
pliers  which  yield  minimum  cross¬ 
talk  due  to  any  harmonic  up  to  the 
fifth  when  applied  to  symmetrical 
selectivity  characteristics.  The 
number  of  channels  being  consid¬ 
ered  for  use  determines  the  number 
of  valid  channel  multipliers  avail¬ 
able  from  the  table.  For  example, 
if  five  channels  are  contemplated, 
all  multipliers  above  row  5  in  the 
table  may  be  considered.  All  other 
values  have  no  meaning.  The  table 
can  be  similarly  interpreted  for 
other  numbers  of  channels. 

Atymmotrical  CliaiiN«l  Scloctivity 
Rotpons* 

If  the  frequency  response  char¬ 
acteristic  of  the  channels  is  asym¬ 
metrical,  a  measurement  can  be 
made  of  the  degree  of  dissymmetry. 
Correction  factors  can  then  be  ap¬ 
plied  to  Table  1  for  conversion  to 
the  required  optimum  multipliers. 

Referring  to  Fig.  6,  the  response 
dissymmetry  coefficient  can  be  de¬ 
fined  as  the  ratio  of  the  highest  to 
the  lowest  frequencies  which  pro¬ 
duce  equal  responses. 

ifc«o/fc^l  (26) 

From  Eq.  (24)  and  (26) 

Uki  +  kau  =  0  (27) 

Substituting  Eq.  (23)  into  Eq. 

(27),  and  evaluating  at  nl  =  1  and 
n2  =  N, 

h(\  -  a,)«-‘-l-|-fc[/k(l-a/)  V-l]  =0  (28) 
From  Eq.  (21) 

(l/r)^-»  +  *(l/r)^  =  (1  +  k)/h  (29) 
(imk  +  r)  =  (1  -f-  k)/h  (30) 

-  A(i  4-  r)/(l  +  k)  (31 ) 

When  k  =  1  (i.e.,  the  response  is 
symmetrical  about  the  channel 

frequency), 
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(r^)^  -  fc(l  +  r)/2  (32) 

When  k  is  not  equal  to  1, 

(r./i)^«A(*  +  r^*)/(l  +  fc)  (33) 

Letting  =  fi,  the  ratio 

of  the  optimum  channel  multiplier 
for  asymmetrical  channel  response 
to  the  optimum  multiplier  for  sym¬ 
metrical  response,  and  writing 
r„»  =  /8n=i  and  dropping  the  sub¬ 
script  fc  =  1, 

2  (jfc  -i-  /3r) 


P 


r  2  (jfc  -i-  ^) 

L(1  +  r)  (1  +  *)  J 


(34) 


+  r)  (1  + 

Here  p  is  the  correction  factor 
to  be  applied  to  the  optimum  chan¬ 
nel  multipliers  of  Table  1.  Figure  7 
shows  correction  factors  for  asym¬ 
metry  coefficients  from  1.0  to  1.6. 

From  Table  1  and  Fig.  7,  the 
channel  multipliers  giving  the  least 
cross-talk  from  any  harmonic  up  to 
the  fifth  can  be  identified,  taking 
into  account  the  shape  of  a  typical 
channel  response  curve  and  the 
number  of  channels. 


lie 


Separation  on  a  constant  mean 
percent  frequency  basis  can  be 
realized  by  utilizing  a  logarithmic 
or  geometric  progression  plan  of 
allocation. 

A  method  has  been  developed  with 
working  equations  and  general 
curves  which  provides  a  means  for 
solving  all  important  problems  as¬ 
sociated  with  such  an  allocation 
plan,  provided,  however,  that  knowl¬ 
edge  of  the  selectivity  responses  for 
the  selector  channels  is  available. 

Optimum  allocation  plans  which 
minimize  cross-talk  resulting  from 
any  harmonic  are  related  to  the  de¬ 
gree  of  response  dissymmetry. 
These  can  be  identified  for  any 
particular  problem  by  means  of  de¬ 
rived  general  expressions  or  the 
plotted  work  sheets. 


FIG.  7 — To  corroct  for  soloctor  rosponse  diMynunetry  tho  factors  giron  obore 
lor  asymmetry  coefficients  through  l.S  and  channels  up  to  eight  are  applied 
to  the  optimum  channel  multipliers  gieen  in  Table  1 
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A  desirable  choice  of  frequency 
assignment  to  the  elements  com¬ 
prising  a  group  of  frequency-selM- 
tive  circutis  appears  to  be  based 
upon  a  constant  percent  frequency 
separation  plan.  This  is  predicated 
upon  the  condition  that  the  circuit 
Q  factors  for  the  various  elements 
are  substantially  alike.  For  this 
condition  all  channels  will  have 
identical  electrical  performance 
properties,  which  is  normally  de¬ 
sirable  in  connection  with  the  use  of 
frequency-selective  circuits. 


Freejuency 


FIG.  6 — Whero  tho  dissymmotry  of  tho 
channol-soloctor  filtors  is  groat  a  corroc- 
tion  is  introduced.  Tho  ratio  of  a  to  b 
is  tho  dissymmotry  coefficient  of  tho 
chonnol-ooloctor  response  cunro 


Asymmetry  Coefficient  k 


inate  the  grid  leak,  and  no  undesir¬ 
able  effects  resulted  from  using  the 
tubes  in  this  manner.  Examples 
of  such  applications  are  amplifiers 
operating  from  a  low-level,  high- 
impedance  source,  amplifiers  that 
must  present  the  smallest  possible 
load  to  the  preceding  stage,  and 
amplifiers  that  must  handle  signal 
voltages  of  the  same  order  as  the 
noise  level.  Actually,  operation  of  a 
tube  with  an  open  grid  is  less  noisy 


Open-Grid  Tubes  in 
Low-Level  Amplifiers 


For  certain  applications  in 
amplifiers  requiring  a  high 
input  resistance  and  low  noise  level 
it  has  been  found  desirable  to  elim- 
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than  operation  with  a  grid  leak. 

PrebUmt  To  Ov«reen« 

Different  objections  to  the  use  of 
open  grid  tubes  can  be  summed  up 
as  follows: 

(1)  It  has  been  suggested^  that 
if  the  operating  temperature  of  the 
tube  is  high  enough,  the  grid  will 
emit  electrons.  When  this  occurs 
in  a  conventional  circuit,  the  result¬ 
ing  current  through  the  grid  leak 
(generally  a  resistance  of  about  2 
megohms  connected  between  grid 
and  cathode)  will  make  the  grid 
less  negative  and  increase  the  space 
current,  thus  increasing  the  tem¬ 
perature.  If  the  grid  becomes  posi¬ 
tive,  electrons  flowing  to  it  will  in¬ 
crease  the  grid  temperature  and 
might  produce  secondary  emission. 
The  grid  will  continue  to  become 
less  negative  as  long  as  the  number 
of  electrons  leaving  the  grid  ex¬ 
ceeds  the  number  entering.  This 
process  is  cumulative  and  may  re¬ 
sult  in  damage  to  the  tube.  The 
process  might  be  aided  initially  by 
the  flow  of  positive  ions  to  the  grid 
when  it  is  negative.  This  effect 
would  be  most  pronounced  in  a  soft 
tube.  It  has  been  asserted  that  the 
use  of  extremely  high  cathode-to- 
grid  resistance  (such  as  an  open 
grid)  would  tend  to  aid  the  process 


FIG.  1 — ^NoiM  1*T*1  Ts.  cothod*-to-9rid 
▼oltag*  lor  a  6SI7  tiibo  connoctod  en  o 
triodo.  with  40  in  tho  grid  drcidt 
to  Bimuloto  a  high-impodonce  cryttcd 
pickup  boring  no  ohunt  resistonco 

by  producing  large  voltage  drops  in 
the  grid  circuit 

(2)  If  the  grid  leak  is  omitted, 
electrons  will  flow  to  the  grid  from 
the  cathode  and  the  grid  will  ac¬ 
cumulate  a  negative  charge.*  Then 
any  slight  change  in  the  grid  capaci¬ 
tance  would  change  the  grid  i)oten- 
tial  and  produce  fluctuations  in  the 
plate  current 

(3)  There  is  a  small  current 
flowing  between  the  cathode  and  the 
grid  through  the  leakage  paths. 
However,  these  leakage  paths  are 
continually  changing  and  thus 
there  is  a  random  fluctuation  in  the 
grid  leakage  current  which  produces 
noise  in  the  tube.  This  effect  should 
be  most  prominent  during  the  time 
when  the  tube  is  heating. 

Noiso  is  Amplifier  Circuits 

The  three  principal  types  of  noise 
in  an  amplifier  circuit  are  flicker, 
shot  effect  and  thermal  agitation. 
These  noises  can  be  considered  as 
being  developed  by  equivalent  gen¬ 
erators  in  the  grid  circuit  of  a 
noise-free  tube. 


The  flicker  voltage,  which  is  pro¬ 
duced  by  irregularities  in  the  tem¬ 
perature  of  the  heating  element,  is 
inversely  proportional  to  the  square 
of  the  frequency. 

Shot  noise  is  uniformly  distrib¬ 
uted  throughout  the  frequency  spec¬ 
trum,  independent  of  the  electron 
velocity  and  independent  of  the 
manner  in  which  the  total  current 
divides  between  the  electrodes.  The 
values  of  the  shot  voltage  E  for 
triodes  can  be  calculated  from  the 
formulas* 

U1 -2XlO-“VAfV^  (1) 

For  pentodes,  the  formula  is 

The  thermal  agitation  voltage  de¬ 
veloped  by  a  resistor  is 

P^AKTRAF  (8) 

where  R  is  the  resistance,  AF  is  the 
frequency  band  passed,  T  is  the 
temperature  in  degrees  Kelvin  and 
K  is  Boltzmann’s  constant  (1.39  x 
10**). 

If  the  impedance  in  the  grid  cir¬ 
cuit  is  not  a  pure  resistance,  the 
resistive  component  is  a  function  of 
the  frequency  and  the  voltage  can 
be  obtained  from: 


E*^iKT 


These  formulas  apply  only  to  wire- 
wound  resistors  or  to  carbon  re¬ 
sistors  in  which  no  current  is  flow¬ 
ing. 

There  is  always  some  capacitance 
across  a  resistor  and  this  parallel 
combination  forms  a  low-pass  filter 
which  affects  the  thermal  agitation 
voltage  e  as  follows : 

e  -  1.28  X  10-“''^i2Fo(tan-»  ^  -  tan-‘  0 

(5) 

where  Fo  =  l/2nRC  and  F,  and  Fi 
are  the  upper  and  the  lower  fre¬ 
quency  limits,  respectively,  being 
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Omission  of  the  grid  leak  in  a  conventional  low-level  amplifier,  leaving  only  surface 
leakage  paths  between  the  grid  and  cathode,  reduces  the  noise  due  to  shot  effect  and 
thermal  agitation.  A  cathode  resistor  of  proper  size  gives  further  lowering  of  noise  level 


considered.  It  can  be  seen  from  Eq. 
(5)  t^iat  the  thermal  agitation  volt¬ 
age  output  of  an  RC  combination  is 
independent,  of  the  value  of  R,  be¬ 
cause  Fi  =  0  and  F,  =  reducing 
e  from  a  function  of  R  and  C  to  a 
function  of  C  only. 

If  the  noise  voltage  from  an  RC 
combination  is  applied  to  an  ampli¬ 
fier,  some  of  this  voltage  may  be  ia 
a  part  of  the  frequency  spectrum 
which  is  not  passed  by  the  ampli¬ 
fier.  In  this  case  the  voltage  passed 
by  the  amplifier  would  be  a  function 
of  R  as  expressed  in  Eq.  (5),  where 
Fi  and  F,  would  now  be  the  fre¬ 
quency  limits  of  the  amplifier,  and 
R  and  C  would  be  the  grid  leak  and 
the  input  capacitance  in  the  ampli¬ 
fier  circuit  If  Fi  is  very  much  less 
than  the  upper  frequency  limit  of 
the  amplifier,  Eq.  (5)  reduces  to: 

(6) 

The  form  of  Eq.  (5)  can  be 
changed  to  show  more  clearly  the 
relation  between  the  thermal  noise 
and  the  value  of  R. 


e  -  1.28  X  10-“ 


^ 2  ^  ^  (tan”*  2  T  FtCR  —  tan"*  2 r Fi ( 


2TCe»  ■ 
.28  X  10-“)*. 


2tC  (F,  -  Fi)R 
1  -h  4  T»  Fi  F,  C*  iP 


(5b) 


Eq.  5(b)  shows  that  the  noise  in¬ 
creases  as  the  value  of  R  increases 
from  zero,  reaches  a  maximum  at 
some  finite  value  of  R,  and  decreases 
as  the  value  of  R  is  increased  be¬ 
yond  this  value.  This  equation 
-shows  that  operation  of  a  tube 
with  an  open  grid  would  be  less 
noisy  than  operation  with  a  grid 
leak.  In  an  amplifier  circuit,  to  ob¬ 
tain  minimum  noise,  the  grid  leak 
is  sufficiently  high  if  the  thermal 
noise  is  less  than  the  shot  effect. 


Another  source  of  noise  is  the  To  aid  in  determining  the  desir- 
flow  of  leakage  current  between  the  ability  of  an  open  grid,  a  low  noise 

cathode  and  thie  grid.  This  noise  level,  wide-range  amplifier  was 

would  be  at  a  minimum  when  the  built.  The  first  stage  had  a  6SJ7, 

cathode-to-grid  voltage  is  at  a  min-  triode-connected,  with  a  gain  of 

imum.  Thus  the  tube  would  be  11  db.  The  next  two  stages,  using 

quietest  with  a  proper  value  of  bias  6SJ7  tubes,  had  a  gain  of  68  db. 

and  it  remains  to  be  shown  that  the  The  output  stage,  using  a  6J5,  was 

open  grid  tube  automatically  biases  a  cathode  follower.  The  frequency 

itself  to  that  bias  voltage.  response  was  down  6  db  at  200  cy- 


FIG.  2 — ^Nois*  I«T*1  Ts.  grid  leajc  tgIim  for  a  triodo-connoctod  6SJ7  tub*.  Curr* 
B  Is  for  Tory  low  tgIuos  of  grid-cothodo  rosistcmce 


FIG.  3 — Noiso  loTol  TS.  plot#  Toltago  for  a  triodo<onnoctod  6SI7  tab#  with 
two  difforont  grid  circuit  arrangemonts.  Curro  A — 40  MMf  in  grid  circuit; 
curro  B — 40  MMf  in  parallol  with  35  mogohnu  in  grid  circuit 
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cles  and  at  200  kc.  The  entire  am¬ 
plifier  was  built  in  a  copper  box 
which  gave  excellent  shielding.  Be¬ 
cause  flicker  noise  is  a  low-fre¬ 
quency  effect  and  not  dependent 
upon  the  grid  leak,  a  high-pass  con- 
stant-K  filter  was  placed  at  the 
output  of  the  amplifier  to  suppress 
frequencies  below  about  650  cps  and 
thus  substantially  eliminate  the 
flicker  effect. 

lxp«riBMatt  Witk  OpM-ttrid  Tab«t 

The  first  tests  were  made  with  a 
cathode  resistor  alternately  in  and 
out  of  the  first  stage.  A  40-/i/if  ca¬ 
pacitor  was  used  in.  the  grid  circuit 
to  simulate  the  condition  of  an  open- 
grid  tube  operating  from  a  high- 
impedance  crystal.  For  the  next 
two  measurements  a  35-megohm 
resistor  was  put  in  parallel  with  the 
capacitor  to  give  the  condition  of 
operation  with  a  high-value  grid 
leak.  Finally,  the  grid  was  shorted 
to  ^obtain  the  value  of  the  tube 
noises.  The  noise  at  the  grid  was 
obtained  by  dividing  the  noise  out¬ 
put  by  the  gain.  Typical  results  are 
given  in  Table  1. 

TABLE  1.  EFFECT  OF  CATHODE 
RESISTOR  ON  NOISE 


QrW  GnuH  lugiiinii 

Nalaaat 

GrMOit) 

in 

40 

3.32 

Out 

40 

4.20 

In 

40  Mv^anO  SS  HNg. 

3.00 

Out 

40  and  30  nw|. 

0.40 

In 

Skart 

3.00 

Out 

Start 

3.00 

These  results  show  that  the  noise 
is  less  with  an  open  grid  than  with 
a  grid  leak.  In  all  three  cases  the 
noise  is  less  with  a  cathode  resistor 
than  without  one.  This  result  is  to 
be  expected,  for  the  cathode  re¬ 
sistor  voltage  drop  reduces  the  volt¬ 
age  between  the  cathode  and  the 
grid,  reducing  the  leakage  current 
and  the  noise  resulting  from  it. 
The  value  of  noise  obtained  with  a 
grid  leak  and  no  cathode  resistor 
is  exceptionally  high,  probably  be¬ 
cause  the  zero  bias  allows  a  com¬ 
paratively  high  value  of  grid  cur¬ 
rent  to  flow  through  the  carbon 
grid  leak,  greatly  increasing  the 
noise  across  the  resistor. 

Effect  of  Cotfeed*  Resistor  Valoe 

Noise  measurements  were  taken 
with  different  sizes  of  cathode  re¬ 
sistors.  The  test  was  made  with 
40  fifd  in  the  grid  circuit.  The  re¬ 
sulting  curve  of  noise  level  vs.  cath¬ 
ode  voltage  is  not  so  important  as 


results  are  in  agreement  with  Eq. 
5(b)  and  the  discussion  following 


Effect  of  Plato  Voltofo 

The  relation  between  the  plate 
voltage  on  a  tube  and  the  noise  level 
at  the  grid  is  given  in  Fig,  8.  Again 
there  is  less  noise  without  a  grid 
leak  than  with  a  grid  leak,  but  m 
both  cases  the  best  signal-to-noise 
ratio  is  obtained  for  a  plate  volt¬ 
age  of  about  90  volts. 

It  would  be  expected  from  Eq. 
(1)  that  the  noise  would  continue 
to  decrease  as  the  plate  voltage  is 
increased  because  the  is  increas¬ 
ing.  However,  the  larger  number 
of  positive  ions  and  secondary  elec¬ 
trons  present  in  the  tube  at  higher 
plate  voltages  tends  to  make  the 
tube  slightly  noisier. 


m  300  400  500 

in  Hours 


FIG.  4 — ^NoIm  loral  tc.  nuoibcr  ol  hours 
of  continuous  oporertion  for  a  trlodo- 
connoctod  tSI?  tub#.  Curro  A — 40  MMf 
in  grid  drenU;  curro  B— 40  MMf  in 
porollol  with  35  mog  in  grid  circuR 


the  curve  of  noise  level  vs.  cathode- 
grid  voltage.  Since  this  voltage  can¬ 
not  be  measured  directly  because 
any  voltmeter  would  upset  the  cir¬ 
cuit  conditions,  it  was  necessary  to 
obtain  a  calibration  curve  of  plate 
potential  vs.  grid  voltage  without  a 
cathode  resistor. 

The  curve  of  noise  level  vs.  cath¬ 
ode-grid  voltage  is  given  in  Fig.  1. 
Least '  noise  is  obtained  for  that 
value  of  cathode  resistor  which 
gives  a  cathode-grid  voltage  of 
—1.2  volts.  The  open-grid  tube 
seems  to  automatically  bias  itself 
approximately  to  that  value  which 
gives  the  least  noise.  The  effect  of 
electron  flow  to  the  grid  (which 
tends  to  make  the  grid  negative) 
and  the  effects  of  emission  from 
the  grid  and  gas  current  to  the  grid 
(which  tend  to  make  the  grid  posi¬ 
tive)  balance  each  other  to  give  the 
grid  a  small  negative  bias. 

The  foregoing  test  was  repeated 
with  a  35-megohm  grid  leak  in  addi¬ 
tion  to  the  40-fifd  capacitor.  The 
minimum  noise  obtained  was  greater 
than  the  minimum  noise  without 
the  grid  leak. 


Effact  of  Tuiuparatur*  ood  Tin* 

In  various  measurements  it  was 
noticed  that  the  noise  changed  as 
the  temperature  of  the  tube 
changed,  the  noise  in  a  cold  tube 
being  greater  than  the  noise  in  a 
warm  tube.  This  effect  is  un¬ 
doubtedly  due  to  leakage  paths, 
which  change  as  the  tube  is  heated 
and  become  saturated  when  the  tube 
is  hot.  The  change  in  the  noise  level 
is  just  as  great  with  a  grid  leak  as 
without  one,  and  thus  the  addition 
of  a  grid  leak  does  not  reduce  the 
noise  due  to  the  random  leakage 
paths.  An  attempt  was  made  to  re¬ 
duce  this  transient  effect  by  boiling 
the  tube  and  its  socket  in  wax,  but 
this  did  not  help  nor  did  it  reduce 
the  noise  level. 

A  long-time  test  was  performed 
on  five  6SJ7  tubes  by  continuously 
drawing  plate  current  through  the 
tubes  and  measuring  the  noise  level 
at  certain  time  intervals.  Typical 
results  are  given  in  Fig.  4.  It  can 
be  seen  that  the  tubes  have  a  gen¬ 
eral  tendency  to  become  noiser  with 
age,  but  that  in  all  cases,  the  noise 
is  greater  with  a  grid  leak  than 
without  a  grid  leak.  These  tests 
show  that  tubes  operated  without  a 
grid  leak  do  not  tend  to  become  any 
more  erratic  than  tubes  operated 
with  a  grid  leak. 


Effect  of  Grid  Leak  Value 

Figure  2  shows  the  relation  be¬ 
tween  the  noise  level  and  the  value 
of  grid  leak.  These  readings  were 
taken  with  a  750-ohm  cathode  re¬ 
sistor.  Except  for  a  shorted  or 
nearly  shorted  grid  the  best  signal- 
to-noise  ratio  is  obtained  with  an 
oi)en  grid.  For  the  constants  in  this 
test,  i.e.,  amplifier  frequency  re¬ 
sponse  and  input  capacitance,  the 
worst  ratio  is  obtained  for  a  grid 
leak  around  100,000  ohms.  For  a 
different  amplifier  the  worst  ratio 
would  occur  at  a  different  value  of 
grid  leak  but  the  general  shape  of 
the  curve  would  be  the  same.  These 


Coneluslous 

In  the  experiments  performed, 
the  noise  level  was  always  less  with¬ 
out  a  grid  leak  than  with  one.  In 

{Continued  on  page  234) 
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R*cording  •quipmsnt  d«T*lopsd  by  tha  British  Broodcastinq  Corp.  for  use  at  the  front  is  often  housed  in  trucks  of  this 
type,  which  include  lirinq  facilities,  200  yards  of  microphone  coble,  o  shortwore  receiTer  and  a  three-channel  mixer 


RECORDERS  at  WAR 


RIGHT — Midget  record¬ 
er  deTaloped  by  BBC 
weighs  only  37  lb. 
Driyen  by  a  double¬ 
spring  motor,  it  con¬ 
tains  amplifier  and  bat¬ 
teries.  Sin^e  knob  turns 
amplifier  on,  starts  turn¬ 
table,  and  lowers  pieso- 
electric  cutter.  Volume 
indication  is  by  neon 
lamp.  Disks  are  double¬ 
sided  with  three-minute 
playing  time  and  15 
are  carried.  Fifteen 
seconds  before  the  end 
of  cut  a  warning  light 
appears 


LEFT — Closeup  of  4S0-lb.  recording  equipment  shows  arrange¬ 
ment  for  use  in  o  motor  torpedo  boat.  Turntable  at  the  right 
is  powered  by  a  12-t  d-c  motor  with  friction  drire.  Speed- 
control  rheostat  works  in  confunction  with  neon  stroboscope 
run  by  a  stable  oscillator.  High-sensitiyity  cutter-head  has 
satisfactory  response  from  60  to  4500  cps.  Pentodes  ore  used 
in  the  first  amplifier  stages  and  in  the  output  stage  in  push-pull 
while  negatiye  feedback  keeps  totol  harmonic  content  below 
one  percent  at  normal  recording  loyel.  Progrom-leyel  meter 
operates  from  o  diode  rectifier  and  pentode  amplifier.  Motor- 
generator,  driyen  by  nickel-iron  battery,  proyides  plota  yoltogas 
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FIG.  1 — Block  diagram  of  tho  tost  unit,  shown  without  switching.  A  coraplWlo  schomcrtic  is  srl^*n  hi  Fig.  5 


Visual  Alignment  of 


ALIGNMENT  of  the  wide-band  i-f 
X*  amplifiers  in  high-fidelity  re¬ 
ceivers  on  a  production  basis  is  a 
difficult  operation.  One  common 
method  involves  the  use  of  an  am¬ 
plitude-modulated  signal  generator 
and  an  output  meter  for  sensitivity 
measurements,  and  a  frequency- 
modulated  signal  generator  in  con¬ 
junction  with  a  cathode-ray  oscil¬ 
loscope  for  band-width  adjust¬ 
ments.  Obviously,  the  adjustment 
and  switching  of  several  instru¬ 
ments  introduces  complications. 

This  paper  describes  a  produc¬ 
tion  test  unit  which  greatly  simpli¬ 
fies  the  job.  It  contains  an  a-m  gen¬ 
erator,  an  f-m  generator,  an  isola¬ 
tion  amplifier  and  an  output  at¬ 
tenuator  common  to  both  gener¬ 
ators,  an  a-f  vacuum-tube  voltmeter 
and  an  r-f  vacuum-tube  voltmeter. 
It  also  provides  synchronizing  volt¬ 
age  for  an  external  oscilloscope.  A 
block  diagram  of  the  test  unit,  with 
switching  omitted,  is  shown  in 
Fig.  1. 

A-M  Sigsal  Gancrator 

The  a-m  signal  generator  con¬ 
sists  of  a  455-kc  crystal-controlled 
6SJ7  in  a  Colpitts  circuit,  driving 
a  6C5  cathode-follower  tjT)e  ampli¬ 


Production  test  unit  provides  an  amplitude-modu¬ 
lated  signal  for  sensitivity  measurements  and  a 
frequency-modulated  signal  for  band-width  adjust¬ 
ments.  Response  curves  are  observed  on  an  external 
cathode-ray  oscilloscope 

By  H.  A.  COOK  aid  HAROLD  MOSS 

ColHna  Radio  Company 
Cedar  Rapida,  Iowa 


fier  which  provides  low-impedance 
output.  With  a  reasonably  active 
crystal,  about  400  cycles  of  fre¬ 
quency  adjustment  may  be  obtained 
by  varying  the  tuned-circuit  con¬ 
stants.  Temperature  control  of  the 
crystal  is  unnecessary. 

The  a-m  generator  is  modulated 
in  the  grid  circuit  of  the  separator 
tube.  The'  modulator,  which  oper¬ 
ates  at  400  cps,  is  of  the  R-C  tsrpe 
shown  in  Fig.  2  and  its  frequency  is 
given  by  the  expression 

/  =  1/ i2T:\/CiCMJR,) 

This  circuit  provides  an  excellent 
source  of  sinusoidal  audio  fre¬ 
quency. 


Improved  stability  of  oscillation  ] 
results  when  a  ballast  resistor  of 
some  kind,  rather  than  an  ordinary 
resistor,  is  placed  at  f2*.  A  3-watt 
110-volt  lamp  seems  satisfactory. 

F-M  Signal  Ganarater 

While  the  R-C  oscillator  circuit 
of  Fig.  2  is  ordinarily  used  at  audio 
frequencies,  it  is  equally  adaptable 
to  radio  frequencies.* 

From  the  expression  for  fre¬ 
quency  of  oscillation  given  above, 
it  is  apparent  that  a  variation  of 
Ru  Rt,  Cl  or  C,  will  result  in  a  vari¬ 
ation  in  frequency.  By  substituting 
the  plate  resistance  of  a  vacuum 
tube  for  either  or  i?,  and  varying 
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Th«  production  tost  unit  A' cathodo-roy  osciUoscopo 
ii  UBod  axtomally 


Back  Tiow  of  tho  tost  unit  with  the  bottom  section  (contoining  the  power 
supply)  removed 


Wide-Band  I-F  Amplifiers 
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the  grid  voltage  at  an  audio  rate, 
frequency  modulation  will  result. 
A  logical  choice  indicated  the  se¬ 
lection  of  Rt  as  the  variable  element, 
since  it  had  one  end  at  ground  po¬ 
tential. 

In  order  to  obtain  practical  values 
for  R„  Ri,  C,  and  C,  at  455  kc,  the 
cathode-follower  circuit  was  used 
for  R-i  in  the  actual  circuit.  Vary¬ 
ing  the  grid  voltage  in  the  cathode- 
follower  stage  then  varies  the  fre¬ 
quency  of  oscillation.  Figure  3  in¬ 
dicates  the  variation  in  frequency 


obtained  as  the  grid  potential  of 
the  variable-resistance  tube  serv¬ 
ing  as  Ri  is  varied.  As  may  be  seen, 
frequency  excursions  of  80  kc  are 
possible  with  a  four-volt  peak  audio 
signal. 

An  ordinary  resistor,  rather  than 
a  ballast  resistor,  is  used  at  Rt.  A 
ballast  resistor  does  not  operate 
satisfactorily  at  Ri  at  the  higher 
frequencies,  although  an  improve¬ 
ment  in  wave  form  results.  At  455 
kc,  the  ballast  resistor  swings  con¬ 
stantly,  seeking  equilibrium,  which 


FIG.  2 — Simplifiad  schamotic  ahowlng  tha  typa  of  R-C  oscillator  circuit  usad  to 
obtain  400-cpt  modulation  of  tha  455-kc  amplituda-modulaiad  signal  ganarotor. 
A  simUar  R-C  circuit  is  usad  as  tha  fraquancy-modulatad  signol  ganarator 


shifts  the  mean-frequency  several 
kilocycles.  This  objectional  effect  is 
not  important  at  audio  frequencies. 

A  6SN7  connected  as  a  multivi¬ 
brator  operating  at  400  cps  supplies 
about  50  volts  to  a  6SJ7  clipper  cir¬ 
cuit.*  The  output  of  the  clipper  cir¬ 
cuit  is  a  pyramid  wave,  extremely 
sharp  at  the  corners  and  nearly 
straight  sided.  It  proved  wise  to 
adjust  the  constants  of  the  multivi¬ 
brator  until  the  resultant  square- 
wave  pulses  were  of  equal  lengths, 
as  this  affects  the  symmetry  of  the 
pyramid.  A  slight  curvature  still 
remaining  on  one  pyramid  slope  is 
due  to  loading  of  the  multivibrator 
on  one  side  only;  however,  this  is 
minor  and  of  little  consequence. 
About  4.9  volts  peak  is  available  at 
the  output,  the  wave  form  of  which 
is  shown  at  Fig.  4. 

Connection  of  the  pyramid  wave 
to  the  modulating  grid  of  the  re¬ 
sistor  tube  constituting  causes 
frequency  modulation  linear  with 
time;  that  is,  the  rate  of  change  is 
constant  across  the  entire  excur¬ 
sion. 

Oscilloscope  Synchronisation 

The  necessary  double  frequency 
to  properly  synchronize  the  double- 
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humped  image  is  obtained  from  a 
point  common  to  both  plates  of  the 
multivibrator,  which  supplies  a 
pulse  on  each  half  of  the  square 
wave,  serving  as  a  frequency  dou¬ 
bler.  About  2  volts  is  available  to 
drive  a  resonant  amplifier  at  800 
cps,  the  output  of  which  is  an  excel¬ 
lent  sine  wave. 

It  proved  necessary  to  supply 
synchronizing  pulses  in  this  man¬ 
ner  because  of  the  tendency  of  the 
oscilloscope  sweep  to  “pull”  on  every 
other  cycle  if  the  pulse  is  supplied 
at  modulating  frequency.  This 
gives  an  erroneous  pattern,  as  the 
uncontrolled  cycle  .will  not  properly 
overlap,  and  leads  to  incorrect  ad¬ 
justment.  In  addition,  the  oscillo¬ 
scopes  available  had  interlocking 
contrcJs.  Also,  when  they  were  sup¬ 
plied  with  a  square  synchronizing 
pulse  the  sweep  would  trigger  at 
times  difficult  to  control,  making  it 
very  hard  to  center  the  image. 

The  use  of  a  sine  wave,  making  it 
possible  to  adjust  the  triggering 
time  of  the  sweep  circuits  along  an 
even  slope,  plus  the  incorporation 
of  a  phase-shift  network  ahead  of 
the  sync  output,  makes  it  possible 
to  obtain  smooth  adjustment'of  the 
position  of  the  image.  About  80 
degrees  phase  shift  is  available  at 
the  grid  of  the  sync  output  section 
of  the  6SN7,  using  an  R-C  network 
with  R  =  X,.  This,  plus  the  appar¬ 
ent  phase  shifts  possible  by  adjust¬ 
ment  of  the  oscilloscope-sweep  trig¬ 
gering  level,  permits  positioning  of 
the  trace  without  the  usual  jockey¬ 
ing  of  controls.  About  6  volts  rms 
at  800  cycles  is  obtained  from  the 
sync  output,  reducing  to  about  4  at 
maximum  phase  shift. 

An  800-cps  amplifier  incorporated 
in  the  test  unit  utilizes  a  toroid 
coil  with  a  good  Q  (about  45  at  1000 
cps),  and  an  inductance  of  about 
169  mh,  those  being  the  values 
available  in  toroids  of  small  sizes. 

The  value  of  double-frequency 
sine-wave  synchronization  has  been 
demonstrated  in  the  ease  with 
which  oscilloscope  positioning  is  ob¬ 
tained  during  production  tests. 

Oflicr  Circaif  Details 

The  precision  slide-wire  attenu¬ 
ator  common  to  both  signal  gener¬ 
ators  is  directly  calibrated  in 
microvolts.  Maximum  f-m  and  a-m 
output  values  are  greater  than  two 
volts,  developed  across  500  ohms. 


The  a-f  and  r-f  vacuum-tube  volt¬ 
meters  are  of  the  same  type,  being 
peak  reading  and  calibrated  in  rms 
values.  Some  wave  form  error  is 
caused  by  the  pyramid,  but  this  is 
of  no  consequence  since  these  values 
are  calibrated  in  terms  of  the  f-m 
excursion.  The  latter  was  found  on 
a  band-width  meter,  but  can  be  ap¬ 
proximated  for  all  practical  pur¬ 
poses  by  the  shift  attained  in  vari¬ 
ation  of  the  resistance  tube  bias. 

The  incorporation  of  a  sensitiv¬ 
ity  control  in  both  vtvm  circuits 
permits  considerable  tolerance  in 
resistor  values,  always  a  difilcult 
problem.  Due  to  the  highly  degen¬ 
erative  circuit  used,  tubes  are 
usually  fully  interchangeable.  The 
two-volt  scale  is  nearly  linear. 

The  power  supply  unit  is  con¬ 
ventional  in  design.  Voltage-regu-, 
lator  tubes  were  employed  to  aid  in 
stabilizing  the  f-m  oscillator,  which 
proved  somewhat  critical  of  supply 
voltage. 


FIG.  3 — ^Vaxiotton  in  i-m  oscillator  fro- 
quoncy  around  Uie  455-kc  moon-fro- 
quoncy  obtainablo  by  changing  tho  bias 
on  a  rosistanco-tubo  usod  as  Ra  in  Fig.  2 
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FIG.  4 — Output  WOTS  form  of  tbs  400- 
cps  pyramid  oscillator  usod  to  moduloto 
tho  f-m  signal  gonorotor 


It  was  also  found  necessary  to 
filter  the  output-tube  biM  to  pre 
vent  120-cycle  modulation.  This  ia 
accomplished  with  a  simple  R-C' 
circuit.  The  available  bias  is  quite 
constant,  staying  within  5  percent 
in  spite  of  a  load  variation  of  bet¬ 
ter  than  2:1. 

The  complete  circuit  schematic 
for  this  test  unit  is  shown  in  Fig.  6, 
with  component  values  suitable  for 
455-k  operation.  Care  must  be 
taken  to  prevent  interaction  be¬ 
tween  circuits  and  the  leakage  of 
extraneous  signals  into  the  output. 
Adequate  shielding  and  careful  lay¬ 
out  will  tend  to  minimize  all  trouble 
of  this  nature. 

Predaetiea  Applicatioa 

When  using  the  equipment  for 
production  alignment  of  receivers 
a  preliminary  alignment  is  usually 
first  made  dh  amplitude  modulation, 
adjusting  the  i-f  amplifier  to  maxi¬ 
mum  output  and  taking  a  reading 
of  overall  sensitivity.  At  this  point, 
sets  showing  insufficient  gain  are 
diverted  to  the  repair  lines. 

The  generator  is  then  switched 
to  f-m  output  and  adjusted  to  456 
kc  mean  frequency.  The  sweep  is 
adjusted  to  superimpose  the  traces. 
It  is  now  possible  to  make  the  cor¬ 
rections  in  i-f  tuning  for  symmetry 
and  width  of  the  “nose”  of  the 
trace.  The  wide  excursion  of  fre¬ 
quency  available  permits  examina¬ 
tion  of  any  stage  with  a  simple  ad¬ 
justment  of  the  band-width  control. 

The  final  check  is  made  with  a-m 
output  as  the  above  procedure  re¬ 
duces  the  overall  sensitivity  by  a 
small  amount.  F-M  alignment  is  not 
an  end  in  itself,  due  to  the  many 
variables  encountered. 

A  well-trained  operator  is,  of 
course,  required  in  the  operation 
of  this  generator.  Use  of  the  in¬ 
strument  as  a  final  check,  however, 
led  to  a  number  of  production  sim¬ 
plifications  in  alignment  procedure. 
As  an  example,  an  i-f  transformer 
can  be  resistive-loaded  on  the  wind¬ 
ing  opposite  that  being  tuned,  re¬ 
ducing  the  interaction  in  tuning  and 
permitting  an  adjustment  pro¬ 
cedure  which  can  be  followed  by 
inexperienced  operators. 
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FIG.  1 — Situation  adjacont  to  ono  iniinito  and  one  eemi- 
iniinite  capacitor  {date  In  ipoce.  Note  that  eqnipotential 
contoure  tend  toward  a  curred-edge  plate,  obore 


Optimum  conditions  in  a  parallel-plate, 
air-dielectric  capacitor  involve  consid¬ 
eration  of  relationships  between  thick¬ 
ness  and  spacing  of  plates  as  well  as  the 
effect  of  rounded  edges  and  comers  on 
corona  and  sparkover  phenomena 


VFCAU  Broadcasting  Co.,  Philadelphia,  Pa., 
Consultant  to  Barker  and  Williamson,  Jor 
tohom  this  material  teas  originally  prepared. 


FIG.  2 — Values  oi  capadtor-plate  spacing-thickness  ratio  are 
plotted  agoinst  potential  and  gradient  relationships 


Between  two  oppositely  charged 
parallel  plates  of  infinite  ex¬ 
tent  the  field  is  said  to  be  uniform. 
It  is  known,  however,  that  the  field 
between  two  finite  plates  is  not  uni¬ 
form,  tending  to  greater  gradients 
at  the  edges. 

Stress  at  a  point  in  a  dielectric  is 
determined  by  the  gradient  at  that 
point  and  stresses  above  certain 
critical  values  lead  to  the  forma¬ 
tion  of  corona  and  sparkover.  A 
knowledge  of  the  factors  determin¬ 
ing  maximum  gradient  assists  in 
proper  design  of  a  capacitor. 

Approach  is  ARalytieal 

In  this  discussion,  the  dielectric 
will  be  taken  as  air.  Plate  thickness 
is  assumed  to  be  small,  compared  to 
any  other  linear  dimension,  except 


where  otherwise  noted.  Plates  with 
corners  are  assumed  to  have  them 
rounded  so  that  their  radii  of  curva¬ 
ture  will  be  large  compared  with 
the  plate  thickness. 

It  is  an  easily  demonstrable  fact 
that  the  gradient  at  a  sharp  edge  is 
greater  than  at  a  rounded  surface. 
Application  of  a  sufficiently  high 
voltage  to  a  conductor  will  make 
corona  stream  from  sharp  edges 
while  there  is  very  little  evidence 
of  it  on  the  flat  surfaces.  At  the 
outset,  then,  it  would  seem  ad¬ 
vantageous  to  construct  a  capacitor 
with  edges  having  a  maximum  ra¬ 
dius  of  curvature.  Disregarding 
the  possibility  of  curling  the  edges 
over  to  increase  curvature,  the 
plates  should  be  as  thick  as  pos¬ 
sible  up  to  a  certain  point.  This  les¬ 


sens  the  gradient  at  the  edges. 

Now  suppose  the  spacing  between 
the  two  plates  is  very  small  com¬ 
pared  to  plate  thickness.  For  suf¬ 
ficiently  small  spacing,  breakdown 
will  occur  between  the  plates  and 
the  edge  effect  becomes  relatively 
minor. 

In  view  of  these  considerations 
it  appears  that  there  may  be  a  re¬ 
lation  between  plate  spacing  and 
thickness  which  will  give  a  mini¬ 
mum  gradient  for  a  fixed  voltage 
and  a  given  plate  spacing.  This  is 
the  basic  design  problem. 


Spacing-Thicknats  Relation 

This  may  be  pictured  as  follows 
with  plate  spacing  identified  as  S 
and  thickness  as  T.  For  large  values 
of  S/T  the  radius  of  the  plate  edge 
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is  small  and  a  high  gradient  exists 
there.  As  plate  thickness  is  in¬ 
creased — ^keeping  plate  center-to- 
center  spacing  and  applied  voltage 
constant — the  radius  of  edge  curva¬ 
ture  is  increased.  This  decreases 
the  edge  gradient.  Inside  the  ca¬ 
pacitor  however,  the  gradient  in¬ 
creases  because  of  the  reduced  spac¬ 
ing.  The  best  value  of  S/T  can  be. 
located  at  the  crossover  point  be¬ 
tween  these  two  opposing  effects. 
At  this  point  the  maximum  gradi¬ 
ent  that  can  occur  becomes  a  min¬ 
imum.  Such  critical  values  have 
been  calculated  and  observed  for 
other  electrode  shapes.* 

It  has  been  suggested  by  Ek- 
strand*  that  the  best  value  of  S/T 
may  be  between  the  values  of  2 
and  8.  This  investigation  seems  to 
corroborate  his  figures  by  fixing 
the  optimum  S/T  at  2.77. 

Whet  Centitates  Iraokdewa? 

Let  us  now  consider  some  fac¬ 
tors  having  to  do  with  capacitor 
breakdown.  It  has  become  some¬ 
what  of  a  habit  to  consider  break¬ 
down  as  coincidental  with  spark- 
over.  Actually  breakdown  has  oc¬ 
curred  at  the  first  sign  of  corona, 
and  corona  may  become  evident  at 
a  considerably  lower  voltage  than 
sparkover. 

When  a  conductor  is  raised  be¬ 
yond  a  certain  critical  potential,  the 
air  adjacent  to  it  becomes  ionized, 
forming  corona.  The  ionized  air, 
being  itself  a  conductor,  can  be 
considered  to  increase  the  size  of 
the  original  conductor.  If  this  ef¬ 
fect  is  accompanied  by  an  increase 
of  gradient,  the  condition  becomes 
unstable  and  sparkover  occurs.  If 
there  is  a  decrease  in  gradient,  the 
condition  is  stable  and  corona  re¬ 
mains  as  such. 

Application  of  this  concept  to  our 
capacitor  is  almost  obvious.  Sup¬ 
pose  that  S/T  is  greater  than  the 


Rounded  odgo*  aro  a  corona  and  sparkoTor-rosislant  foaluro  of  this  Barker 
and  WUliomson  capacitor.  Type  is  similar  to  those  discussed  in  the  text 


critical  value.  Now,  as  we  apply  a 
gradually  increasing  voltage,  co¬ 
rona  will  commence.  If  we  consid'er 
the  corona  as  part  of  the  plate,  then 
in  effect  the  plate  thickness  has 
been  increased,  thus  reducing  the 
value  of  S/T.  Sparkover  should 
then  take  place  when  the  value  of 
S/T  is  less  than  the  optimum. 

If  we  start  applying  voltage  when 
S/T  is  less  than  the  best  value,  then 
the  transition  from  corona  to  spark¬ 
over  is  almost  instantaneous  since 
an  increase  in  plate  thicknes;?  will 
increase  the  gradient.  Of  course, 
there  are  irregularities  in  the  prac¬ 
tical  manifestation  of  this  principle. 
One  reason  is  that  corona  will  not 
form  uniformly  on  the  plates,  being 
most  evident  where  the  gradient  is 
maximum. 

It  has  been  found  that  in  the  case 
of  wires,  spheres,  and  concentric 
cylinders*,  corona  appears  for  a 
constant  gradient  at  a  distance  pro¬ 
portional  to  Vr  from  the  surface, 
where  r  is  the  radius.  It  may  there¬ 
fore  be  exi)ected  that  experiment 
will  show  the  existence  of  a  similar 
factor  in  the  formation  of  corona 
at  the  edges  of  a  capacitor. 

The  microcosmic  picture  of  air 
breakdown  is  complex  and  even  of 
a  somewhat  metaphysical  nature* 
but  breakdown  characteristics  have, 
in  general,  been  determined  by  ex¬ 
periment. 


This  discussion  concerns,  in  the 
main,  a  calculation  for  the  best 
value  of  S/T.  Note  that  the  deriva¬ 
tions  and  approximations  are 
guided  by  existing  physical  condi¬ 
tions.  Results  must  inevitably  be 
tested  by  experiment  and  qualified 
where  necessary. 

Basic  AssaMptioHS 

Assume  that  the  plates  are  semi¬ 
infinite  in  extent  and  that  the  ra¬ 
dius  of  curvature  of  an  edge  is 
equal  to  half  the  plate  thickness. 
Because  of  symmetry,  thus  apply¬ 
ing  the  theory  of  images,  it  only 
will  be  necessary  to  consider  the 
field  between  one  semi-infinite  plate 
and  an  infinite  plate.  This  latter  is 
placed  midway  between  the  semi¬ 
infinite  plates  and  has  a  potential 
equal  to  half  their  sum. 

First,  however,  consider  a  pair 
of  plates  that  are  of  extreme  thin¬ 
ness.  The  solution  for  this  case  is 
well  known.®  An  approximate  plot 
of  the  equipotentials  is  shown  in 
Fig.  1,  in  which  it  is  assumed  that 
the  semi-infinite  plate  has  a  poten¬ 
tial  of  Vo  volts  with  respect  to  the 
infinite  plate  and  is  spaced  a  inches 
from  it. 

Notice  particularly  the  trend  in 
the  shape  of  the  equipotentials  as 
they  approach  the  semi-infinite 
plate.  Any  equipotential  can  be  re¬ 
placed  by  a  conductor  (of  the  same 
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shape  and  charged  to  the  same  po¬ 
tential)  without  disturbing  the  ex¬ 
ternal  field  in  any  way.  Thus,  if  the 
equipotentials  are  replaced  by 
equivalent  plates,  they  will  tend  to 
an  ordinary  thin  plate  with  rounded 
edges  as  the  potential  of  the  semi¬ 
infinite  plate  is  approached.  The 
procedure  will  now  be  to  match,  as 
far  as  possible,  an  actual  plate  to 
one  of  these  equipotentials  and 
thus  obtain  an  expression  for  the 
maximum  gradient  at  its  edge.  A 
somewhat  arbitrary  extension  will 
then  be  made  to  indicate  the  maxi¬ 
mum  gradient  on  a  plate  of  any 
thickness. 

Potential  around  an  infinitely 
thin  plate,  semi-infinite  in  extent, 
can  be  expressed  in  the  following 
parametric  form 

X  -  -  fl-l-e 


be  necessary  to  maximize  E  par¬ 
tially  with  respect  to  force  func¬ 
tion  U.  Thus  lE/W  =  0  when 

-rV  /V  r  -1 

e  ®-co8|^t(V,-  F)/V,J  (4) 
Substituting  Eq.  (4)  in  (1)  and 


"  sin(T(F»-  V)/Fo] 

As  V  approaches  V^,  Eq,  (6)  and 
(6)  become 


y  -  •  sin  (tV/V«)  -  tF/V.J  J 

where  V  is  potential  at  any  point 
having  the  coordinates  xy.  U  is  the 
force  or  stream  function. 

In  complex  form  Eq.  (1)  is 


Selecting  the  Curvature 

At  this  point  it  becomes  neces¬ 
sary  to  determine  the  manner  in 
which  an  actual  plate  should  be 
matched  to  an  equipotential.  A  rea¬ 
sonable  condition  is  that  the  radius 
of  curvature  of  the  actual  plate 
and  the  radius  of  curvature  of  the 
equipotential  at  the  point  of  maxi¬ 
mum  gradient  be  made  equal. 

For  the  radius  of  curvature  the 
formula  is 


Z~-[^l  +  e  (2) 

where  Z  =  x  +  jy,  W=V  +  jU, 
and  j  =  V— 1. 


Pimiing  thu  Gradiunf 

At  any  point  the  gradient  is 
found  by 


-txU  n’o 


At  any  point  on  an  equipotential 
the  radius  of  curvature,  as  found 
from  Eq.  (1)  and  (9),  is 


yi+e  +2e  co8(irF/F«) 

where  E  is  gradient  in  volts  per 
inch. 

Along  an  equipotential,  the  grad¬ 
ient  will  depend  entirely  on  concen¬ 
tration  of  the  lines  of  force.  In 
order  to  find  the  point  of  maximum 
gradient  for  any  potential,  it  will 


-trVJV, 


(10) 

On  any  equipotential,  at  the  point 


T 

in. 

S 
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1 

S 

T 
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kv 

.  1 

Max.  gradient 
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kv/in. 

1 

60  cps 
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1500  kc! 
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0  218  : 

1  705 

;  14.0 

13  5  i 

,  13.7 

89  1  1  85  8  i  87.1 

0.04 

0.192  1 

4.8 
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7  59 

6  82 

80  2  72  5  65  1 

0.064 

0.719 

11.24 

24.0 

14  28 

11.7 

82.0  48  8  40  0 

of  maximum  gradient,  the  radius 
of  curvature  is  found  by  substitut¬ 
ing  Eq.  (4)  in  (10),  thus 
asinMrCF. -F)/F.] 

”  irco8(T(F*-F) /F.) 

As  V  approaches  the  radius 
of  curvature  becomes  — 

R,  =  ax(F,  -  F)VF,*  (12) 

Let  S  equal  the  actual  plate  spac¬ 
ing  and  T  equal  the  plate  thickness. 
An  approximate  match  can  be  as¬ 
sumed  when  {y^  —  Rm)  is  identi¬ 
fied  with  S/2  and  is  assumed 
equal  to  T/2,  It  is  not  necessary  to 
consider  and  it  is  now  ignored. 
V  is  made  equal  to  v/2  where  v  is 
the  actual  potential  between  the 
plates.  When  a  and  V,  are  elimin¬ 
ated  from  Eq.  (7),  (8)  and  (12), 

where  the  subscript  has  been  omit¬ 
ted  from 

Since  T  is  assumed  small  with  re¬ 
spect  to  S,  the  right-hand  term  can 
be  omitted  in  Eq.  (13),  resulting 
finally  in 


Up  to  this  point  a  small  value  of 
T  has  been  assumed  with  respect 
to  S.  Now  disregard  the  derivation 
and  consider  Eq.  (14)  alone.  If  we 
allow  the  plate  thickness  to  ap¬ 
proach  infinity  in  Eq.  (14),  it  be- 


S  -  f  I  (15) 

Compare  this  with  the  relation 

5  =  ^  (16) 

which  holds  for  two  plates  in  which 
the  edge  effect  is  negligible.  This 
is  equivalent  to  the  condition  when 
T  equals  infinity. 


Condition  Goneralizod 

Similarity  between  Eq.  (16)  and 
(16)  suggests  the  possibility  of 
Eq.  (14)  being  adjusted  so  that  it 
would  hold  for  T  large  as  well  as 
small.  This  can  be  done  approxi¬ 
mately  by  replacing  the  constant 
2/i:  in  Eq.  (14)  by  unity,  thus 

Eq.  (17)  is  admittedly  approxi¬ 
mate.  Assuming  for  the  moment 
that  its  accuracy  has  been  estab¬ 
lished,  let  us  examine  it  for  the 
presence  of  a  best  value  for  8/T. 
This  best  value  is,  of  course,  the 
{Continued  on  page  268 > 
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CATHODE  FOLLOWER 
'  '  Calculations 


Equations  relating  cathode  follower  output  impedance  to  the  value  of  the  cathode 
resistor,  the  plate  load  resistance  of  the  cathode  follower  tube,  and  the  transconduct¬ 
ance  of  the  tube 


By  HUMBERT  P.  PACINI 

Camp  Bfan$  8ii/nal  Lahoratorjf 
Bclmar,  N.  J. 


IN  SOLVING  for  the  output  im¬ 
pedance  of  a  cathode  follower 
such  as  the  one  shown  in  Fig.  1(a) 
it  is  most  convenient  to  set  up  the 
required  circuit  equations  by  as¬ 
suming  the  cathode  of  the  tube 
driven  by  a  generator  of  voltage  Et 
and  internal  resistance  i?,.  Fig, 
1  (b)  shows  the  addition  of  this  gen¬ 
erator  and  Fig.  1(c)  is  the  result¬ 
ing  equivalent  circuit. 

The  general  equations  for  a  two- 
loop  network  are* 

Ziih  Zult  =  El  (1) 

Zith  -f-  Zalt  =  Et  (2) 

where  Z„  is  the  total  impedance  in 
loop  1,  Zb  is  the  total  impedance 
in  loop  2,  Zit  is  the  mutual  imped¬ 
ance  between  loops  1  and  2,  and  Ei 
and  Et  are  the  generator  voltages  in 
loops  1  and  2  respectively. 

According  to  Fig.  1  (c)  the  equiv¬ 
alent  voltage  acting  in  the  grid  cir¬ 
cuit,  or  the  rise  in  voltage  from 
cathode  to  grid,  is  (/,  —  h)  Rt,  and 
~n(I,  —  h)  Rt  is  the  voltage  acting 
in  the  plate  circuit  in  the  direction 


showTi  if  it  is  taken  as  voltage  driv¬ 
ing  It  clockwise.  Upon  substitution 
of  these  values  in  Eq.(l)  and  (2) 
there  results 

{Ri  +  R,)Ii-  Rtit  =  E,  (3) 
-  Rth  +  (Rt  +  R,)  /,  =  -  /u(/,  -  /.)  Rt  [4) 
Solving  these  two  simultaneous 
equation  yields  for  i  the  driving 
point  impedance  .0  •  , 

7  ^  R  A-  R  —  (i  +'  m)  - 

Zi  Ri-\-Rt  (1  4.  (5) 

from  which  it  is  obvious  that  the 
impedance  looking  into  the  cathode ; 
that  is,  the  output  impedance  of  the 
cathode  follower,  is 

7  -  R  =  _  7  /7\ 

Since  ^  is  much  larger  than  1,  es¬ 
pecially  in  high-gain  triodes  and 
pentodes,  Eq.  (7)  may  be  converted 
to 

Z  TT  P.  ^  _  P 

^  (R,/n)  +  Rt  ^  {l/gJ  +  Rt 

(8) 

This  impedance  is  made  up  of  the 
cathode  resistance  and  the  internal 


impedance  of  the  cathode  in  paral¬ 
lel;  and  if  Z,  represents  the  latter, 
Eq.  (8)  can  be  written 

“  Z.+  Rt 

After  transformation  and  substi¬ 
tution  of  Eq.  (8)  for  Z„, 

Zc  =  [(1  -  fit  =  l/g«  (10) 

If  the  cathode  follower  tube  had 
been  used  with  a.  plate  load,  either 
to  limit  the  plate  current  or  to  pro¬ 
vide  a  push-pull  voltage,  the  equa¬ 
tion  for  the  internal  impedance  of 
the  cathode  follower  would  be 

Zc  =  (l/Vm)  -H  (Zi/m)  (11) 
where  Zi  is  the  plate  load. 

The  internal  impedance  of  a  cath¬ 
ode  follower  is  given  by  Eq.  (10) 
for  the  case  of  no  plate  load,  or  by 
Eq.  (11)  if  there  is  plate  load.  It  is 
seen  from  Eq.  (9)  that  the  effect 
of  the  internal  impedance  of  the 
cathode  follower  tube  is  to  add  an 
impedance  Zc,  in  parallel  with  the 
cathode  load  impedance. 

*  Eyeritt,  W.  L.,  “Communication  Engi¬ 
neering”,  McGraw-Hill  Book  Co.,  p.  217-229. 


FIG.  1 — (a)  Th«  actual  circuit  in  which  th*  impodoncu  across  fi,  is  sou^t  In  (b)  a  fictitious  gonsrator.  E,.  of  intomal 
impodonco  R,.  is  introducod.  Tho  oquivalont  circuit  from  which  tho  doriTOtion  bogins  is  shown  ot  (c) 
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Circuit  Response  to 

NON-SINUSOID  AL 


Short-cut  method  of  determining  the  current  response  either  graphically  or  analytically 
in  circuits  energized  hy  square,  saw-tooth,  repeated  exponential  and  similar  waves, 
by  decomposing  into  components  starting  at  different  instants,  then  adding  responses 


Fourier’s  analysis^  is  a  general 
method  for  evaluating  the  cir¬ 
cuit  response  to  non-sinusoidal  peri¬ 
odic  waves.-  But  it  is  not  always  the 
most  convenient  method  for  evalu¬ 
ating  the  transient  response,  es¬ 
pecially  to  those  non-sinusoidal  peri¬ 
odic  waves  which  are  discontinuous 
in  the  wave  itself  or  its  derivative 
with  respect  to  time.  The  actual 
solution  of  a  problem  by  means  of 
this  method  is  sometimes  tedious 
and  time-consuming. 

Another  method,  possibly  first 
used  by  Poisson  and  later  by  Du- 
hameP  and  based  on  the  superposi¬ 
tion  of  step  functions,  decomposes 

*  Baaed  on  a  paper  presented  before  the 
Chinese  Institute  of  Bngineers,  American 
Section,  in  New  York  City  July  2,  1944. 


any  kind  of  waves,  periodic  or  not, 
into  so-called  Heaviside  unit  func¬ 
tions*  which  start  at  different  in¬ 
stants.  This  method  has  been  used 
more  extensively  in  treating  non¬ 
periodic  waves.  In  fact,  it  is  a  very, 
powerful  tool  for  evaluating  the  cir¬ 
cuit  response  to  some  types  of  com¬ 
monly  encountered  non-sinusoidal 
waves  which  are  discontinuous  in 
the  wave  itself  or  its  derivative 
with  respect  to  time,  such  as  square 
waves,  saw-tooth  waves,  trapezoidal 
waves,  repeated  exponential  waves 
and  output  voltage  waves  of  con¬ 
trolled  rectifiers. 

Owing  to  the  geometry  of  the 
non-sinusoidal  wave,  an  easier  so¬ 
lution  can  often  be  obtained;  in¬ 
stead  of  being  decomposed  into 


Heaviside  unit  functions,  the  wave 
can  be  decomposed  into  waves  of 
other  types  which  have  the  same 
wave  form  but  start  at  different  in¬ 
stants.  This  short-cut  method 
(based  on  an  extension  of  “super¬ 
position  of  step  function,”  gener¬ 
ally  known  as  Duhamel’s  integral), 
permits  determining  the  transient 
response  easily  by  either  analytical 
or  graphical  methods. 

Deeenpositiea  of  Sqaor*  Waves 

Square  waves  are  used  in  the 
communications  field  for  testing  the 
frequency  response  of  electric  cir¬ 
cuits*.  A  symmetrical  square  wave 
having  an  amplitude  A  and  a  period 
of  2ti  can  be  decomposed  into  a 
number  of  different  constant-ampli- 


FIG.  1 — Decomposition 
of  symmetrical  square 
waves  shown  ot  bottom 
with  double  shading 


FIG.  2 — Decomposition 
of  unsymmelrical 
squore  wove  into  com¬ 
ponents'  shown  above 


FIG.  3 — Decomposition 
of  ideal  sow  •  tooth 
wave  into  two  types  of 
components  , 


FIG.  4 — Decomposition 
of  naw-tooth  wave  in¬ 
to  rising  and  falling 
components 
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By  P.  T.  CHIN 

InduHrial  Control  Engineerinff  Diviaion 
Oeneral  Electric  Company 
Behenectadp,  N.  Y. 


WAVE  FORMS 


tude  components  starting  at  differ¬ 
ent  time  intervals,  as  shown  graph¬ 
ically  in  Fig.  1.  The  first  compo¬ 
nent  starts  at  t  =  0  and  has  an  am¬ 
plitude  of  +  A.  The  second  starts 
ti  later  and  has  an  amplitude  of 
—2A.  At  interval  h  after  this,  the 
third  component  ‘  starts  with  an 
amplitude  of  -I-  2A.  Thereafter, 
components  of  —2A  and  +2A  in 
amplitude  start  alternately  at  suc¬ 
cessive  intervals  of  ti. 

The  decomposition  of  an  unsym- 
metrical  square  wave,  having  un¬ 
equal  positive  and  negative  ampli¬ 
tudes  of  Ai  and  A,  respectively, 
is  shown  in  Fig.  2.  The  duration  of 
At  is  and  that  of  At  is  U- 

Sow-Teefk  oad  Trapaseldal  Waves 

Saw-tooth  waves  can  also  be  used 
to  test  frequency  response  of  elec¬ 
trical  circuits.  In  some  respects, 
these  waves  are  superior  to  square 
waves,  as  suggested  by  Waidelich*. 
An  ideal  saw-tooth  wave,  having  a 


slo^  A,/t,  and  a  period  of  2f„  can  Figure  5  shows  the  decomposition 
be  decomposed  into  a  linearily  ris-  of  trapezoidal  waves.  The  procedure 

ing  voltage  having  a  slope  of  At/U  is  more  or  less  similar  to  that  for 
and  starting  to  occur  at  t  =  0,  plus  saw-tooth  waves, 
constant  driving  forces  of  —  2Ai 
starting  to  occuf  at  succeeding  in¬ 
tervals  of  tt  as  shown  in  Fig.  3. 

The  saw-tooth  waves  of  Fig.  3, 
can  hardly  be  produced  by  practical 
means,  since  it  takes  some  time  for 
the  saw-tooth  wave  to  fiy  back  to  its 
original  position.  Figure  4  shows 
more  practical  saw-tooth  waves 
which  can  be  produced  by  some 
electronic  circuits*.  These  waves 
can  be  decomposed  into :  A  linearly 
rising  wave  of  slope  m,  starting  at 
t  =  0;  a  linearly  rising  wave  of 
slope  —  (m,  -f  w,)  starting  U  later; 
a  wave  of  slope  -|-  (m,  +  w,)  start¬ 
ing  at  ti  -I-  f,;  a  wave  of  slope 
—  (nil  +  m,)  starting  at  2t,  +  etc. 

(The  linearly  rising  waves  in  Fig. 

4  should  continue  to  rise,  but  in 
order  to  save  space  they  are  not 
shown  beyond  the  broken  lines.) 


aves. 


Oatpot  Veltag*  Waves 
of  Gastoas  Roetiliert 

When  gaseous-discharge  type  rec¬ 
tifiers,  such  as  thyratrons  and  ig- 
nitrons,  supply  an  inductive  load 
with  continuous  conduction  of  cur¬ 
rent,  the  geometry  of  the  output 
voltage  wave  depends  on  the  num¬ 
ber  of  phases  of  the  rectifier  circuit 
and  the  angle  of  phase  retard.* 
Figure  6  shows  the  decomposi¬ 
tion  of  the  output  voltage  wave  of  a 
bi-phase  uncontrolled  rectifier  cir¬ 
cuit  having  no  phase  retard.  It  can 
be  decomposed  into  a  continuous 
sine  wave  having  a  peak  value  A,, 
starting  in  a  positive  direction  at 
t  =  0,  follow^  by  a  series  of  sine 
waves  each  having  a  peak  value  of 
2Ai,  and  starting  in  a  positive  di¬ 
rection  every  half-cycle  later. 


wave 
res  of 
same 
!nt  in- 
lethod 
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?ener- 
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FIG.  5 — Dvcomposition 
of  trapvsoidal  wovei. 
Componvnto  or*  cat  off 
h«T«  to  coniorvo  apaco 


FIG.  7 — Decomposition 
of  output  voltage  of  bi¬ 
phase  rectifier,  phase 
retarded  60  degrees 


FIG.  8 — Decomposition 
of  output  voltage  of  six- 
phase  rectifier,  phase 
retarded  60  degrees 


FIG.  6 — Decomposition 
of  output  voltage  of  bi¬ 
phase  uncontrolled  rec¬ 
tifier;  no  phose  retard 
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FIG.  9 — Decomposition  of  ropeotod  ox- 
ponontial  wervos 


Figure  7  shows  the  decomposi¬ 
tion  of  the  output  voltage  wave  of 
a  bi-phase  rectifier  with  a  phase  re¬ 
tard  of  60  electrical  degrees.  It  is 
evident  that  the  decomposition  is 
similar  to  that  shown  in  Fig.  6  ex¬ 
cept  that  each  sine  wave  starts  with 
a  magnitude  corresponding  to  the 
value  Ai  sin  60°  instead  of  zero. 

Figure  8  shows  the  decomposi¬ 
tion  of  the  output  voltage  wave  of  a 
6-phase  rectifier.  The  continuous 
sine  waves  are  spaced  at  60°  and  all 
the  sine  waves  have  the  same  peak 
value  A,. 


Repeated  ExpoHeetial  vet 

Repeated  exponential  waves  some¬ 
times  occur  in  television  circuits.* 
The  period  of  the  waves  is  2t,  and 
each  wave  has  the  expression 
Ai  t**'.  Figure  9  shows  that  re¬ 
peated  exponential  waves  can  be 
decomposed  into  a  exponential  wave 
which  starts  at  t  =  0  and  has  the 
expression  Ai  followed  by  com¬ 
ponent  waves  having  the  expres¬ 
sions  —  At  (1  -f  e‘‘*  and  +  At 
(1  +  e"*‘i)  c‘*‘,  occurring  alternately 
at  intervals  of  ti. 

Once  a  non-sinusoidal  periodic 
wave  has  been  decomposed  into 
component  waves,  the  over-all  cir¬ 
cuit  response  can  be  obtained  by 
superimposing  the  individual  cir¬ 
cuit  responses  on  the  component 
waves.  These  responses  are  similar 
in  their  wave  form  but  start  at  dif¬ 
ferent  instants.  Two  examples,  one 
for  a  square-wave  voltage  applied 
to  R  and  C  in  series  and  the  other 
for  the  output  current  of  a  bi-phase 


controlled  rectifier  supplying  an  in-  As  an  example  of  the  analytical 
ductive  load,  will  be  used  to  show  solution,  suppose  the  circuit  is  made 
the  procedure  used  in  both  the  ana-  of  a  resistance  R  and  a  capacitance 
lytical  and  graphical  versions  of  C  in  series.  The  circuit  response  tc 
this  short-cut  method  of  determin-  a  Heaviside  unit  function  f(t)  will 
ing  circuit  response.  be  (I//?)*'"®*,  and  the  total  current 

response  will  be  — » 

CtrcMit  Rotpoata  to  Sqaara  Waves 

Suppose  it  is  required  to  find  the  *  "  ^ 

transient  response  of  a  circuit  to  a  a 

symmetrical  square-wave  voltage R  ^  w 

having  a  magnitude  A  and  a  period^^he  expression  in  brackets  is  a  fa- 
2fi.  This  involves  finding  the  re-  miliar  geometric  series.  When  its 
sponse  during  the  existence  of  the  sum  is  substituted  in  Eq.  (3),  the 
nth  square  wave  after  the  square-  total  current  response  becomes 
wave  voltage  is  applied.  ^  ^ 

Aaolyfical  SoliitioH 

I'aking  the  analytical  solution 
first,  assume  that  time  is  zero  at 
the  beginning  of  the  (n  -1-  l)th 
square  wave,  n  being  an  even  num¬ 
ber.  The  component  waves  are 

CooD^nent  Instant  at  Which 

Wave  Magnitude  Wave  Starts 

a  :f  1  +2A  0 

n  —2A  —  h 

n  -  1  +2A  -  2<i 


manip 
more 
and  le 


Wit 
of  a  1 
in  ser 
rectifi* 
type,  1 
condui 
after 
the  CO 
requir 
rent  i 


The  steady-state  solution  can  be 
obtained  by  letting  n  approach  oo: 


solutic 
voltag 
the  c< 
presse 
time  i 
trical 

k/(i>  = 

rectifi 
axis  0 


The  graphical  solution  for  the 
current  response  during  the  first 
four  square  waves  is  summarized 
in  Fig.  10.  It  is  performed  by  plot¬ 
ting  the  circuit  responses  to  com¬ 
ponent  waves  which  have  a  magni¬ 
tude  of  A  for  the  first  component 
and  —  2A  -f2A  and  alternatively 
for  the  successive  components, 
spaced  at  a  time  interval  of  f,. 
Superimposing  all  the  responses 
gives  the  resultant  current  re¬ 
sponse,  shown  at  the  bottom  in 
Fig.  10.  The  graphical  method  is 


Let  i.*,,  L, . .  to,  i,  be  the 

current  responses  to  the  (n  -f-  l)th, 

nth^ . 2nd‘and  Ist  component 

waves  respectively.  Now,  since  the 
response  of  the  circuit  is  a  function 
of  time  [w’ritteh  /  (f),  with  its  sig¬ 
nificance  depending  on  the  particu¬ 
lar  combination  of  circuit  elements 
in  the  circuit],  the  individual  cir¬ 
cuit  responses  to  the  component 
waves  may  be  specified  as  follows 
in  the  general  analytical  solution 
where  time  is  defined  as  ^  0 : 

i,+a-2A/(0  (1) 

t,  -  -2Afit  +  ti) 

in.l~  2Af{t  +  2k) 

. 4-' -2A /(<+■(« . 

ii  =  A  /(I  -f  nil) 

The  total  current  response  is 

t  “  *1  -+-»»  +  + . -hin  -|-  in  +  1 

-  2a2]"  (  -  !)•-*/  «  -H  rfi)  -  A/  (t  -t-  tUi) 

(2)* 

where  s  is  any  integral  number 
between  1  and  n. 

Equation  (2)  is  a  general  solu¬ 
tion  of  the  circuit  response  to  a 
square  wave  from  its  known  re¬ 
sponse  to  a  Heaviside  unit  function. 
The  steady-state  solution  can  be  ob¬ 
tained  by  making  n  approach  in¬ 
finity. 


2Af(t) 


FIG.  10  —  Currant  rospons#  whora 
•cpiora-wara  Toltaga  is  oppliod  to  tt  and 
C  in  torios 


*  Equation  (2)  la  also  true  when  n  la 
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convenient  in  obtaining  the  tran¬ 
sient  response  during:  the  first  few 
cycles,  but  as  time  goes  on,  the 
manipulation  becomes  more  and 
more  tedious  and  the  result  less 
and  less  accurate. 

Carroat  Raspoaia  of  Ri-Pliasa  , 
Coatrellad  Raetifior 

With  an  inductive  load  consisting 
of  a  resistance  and  an  inductance 
in  series  supplied  by  a  controlled 
rectifier  of  the  gaseous  discharge 
type,  the  current  during  successive 
conduction  periods  will  be  different 
after  the  closing  of  the  switch  if 
the  conduction  is  ^continuous. ,  It  is 
required  to  find  the  transient  cur¬ 
rent  response  at  any  instant  dur¬ 
ing  the  existence  of  the  nth  rectified 
voltage  wave  after  the  closing  of 
the  switch. 

Again  starting  with  the  analytical  ’ 
solution,  the  peak  value  of  the  anode 
voltage  is  A.  The  phase  retard  of 
the  controlled  rectifier  can  be  ex¬ 
pressed  as  Ot  electrical  degrees.  The 
time  interval  equivalent  to  180  elec¬ 
trical  degrees  is  and  is  equal  to 
ic/<i>  =  1/2/.  The  beginning  of  nth 
rectified  wave  is  taken  as  the  zero 
axis  of  time. 
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The  transient  current  response  of 
an  inductive  load  consisting  of  R 
and  L  in  series  to  a  unit  sinusoidal 
wave  closing  at  sin  (wt  -|-  0,)  is" 


i  ^  {4,  -  Of)  +  Y  -  <t>  +  «/) 

(6) 

in  which 


Z  - 

$  *  tan~‘  (oiL  'R) 
a~  R/L 

Then  the  current  responses  to  com¬ 
ponent  waves  are 


t,  sin (<<)-»/) 8in(w<  — ^  + 
2A 

te-i  =  rin  (<)  —  9f)  +  *i) 

+  sin  [<i>t  —  ^  -f-  ff/  -H  t) 


2A' 

it  -  (4>  -  9/)  [‘+  {»-*)  M  + 

2A 

sin  [w<  —  ^  +  9/  +  (n  —  2)  *•) 
ti  «  Y  sin  -  9/)  [*+  ("  ■  •)  M  + 
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FIG.  11  (oboTs) — RssponsM  to  com- 
ponont  Toitago  wares  of  o  controlled  ■ 
gaseous  rectiiier.  for  on  inductlre  lood 


FIG.  12  (right) — Totol  response  for  or- 
rongemenl  of  Fig.  11  is  obtained  by 
combining  each  type  of  component 
roltage  separately,  then 'combining  the 
two  resultant  ware  forms 


^  sin  [w<  —  ^  +  9/  -f-  (n  —  i)r] 
<1  ^  0  (7) 

The  total  current  response  is 


i  -  ti  +  . i»-i  +»i» 

2il  .  , .  « N  *ri  -  « "  •  "  ‘iT 

J- 


+  ^  sin  (wf’—  4>  +  Of) 

(8) 


The  steady-state  solution,  with 
n— ^00,  is 

r  -  — sin  (^  -  9f)  ^  -i- 

A  • 

+  Of) 

r  ^  cof  ^  0  (9) 


Figure  11  shows  the  current  re¬ 
sponses  to  the  component  waves 
graphically.  The  exponential  and 
sinusoidal  components  for  each 
component  wave  are  plotted  sepa¬ 
rately.  The  resultant  of  exponen¬ 
tial  components,  which  is  in  the 
form  of  stepped  exponential  waves, 
is  shown  in  Fig.  12(a).  The  sum  of 
all  sinusoidal  components,  which  is 
a  discontinuous  periodic  wave  con¬ 
sisting  of  180  electrical  degrees  of 
sine  wave  starting  from  sin 
—  Of),  is  shown  in  Fig.  12(b). 
The  total  response  is  the  sum, 
shown  in  Fig.  12(c). 


CoHClHSiORS 

The  principle  of  decomposing 
some  types  of  non-sinusoidal  waves 
into  waves  of  the  same  wave  form 


but  starting  at  different  instants 
can  be  utilized  as  a  short-cut 
method  to  obtain  both  the  tran¬ 
sient  and  the  steady-state  circuit 
responses  to  these  waves. 

The  mathematical  analysis  in¬ 
volved  in  this  method  is  compara¬ 
tively  simple ‘and  fundamental.  It 
can  be  performed  by  those  who  do 
not  have  an  adequate  training  in 
higher  engineering  mathematics, 
such  as  Laplacian  transformation 
often  used  as  a  tool  in  solving  prob¬ 
lems  of  this  nature. 

The  graphical  analysis  is  very 
convenient  for  evaluating  the  tran¬ 
sient  response  during  the  first  few 
cycles,  but  may  become  more  tedi¬ 
ous  and  less  accurate  for  evaluat¬ 
ing  the  steady-state  response, 
especially  for  circuits  with  large 
time  constants. 
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Double-Tuned 
TRANSFORMER  DESIGN 


Fundamental  equations  are  plotted  in  general  form  showing  the  relations  between  k, 
Q,  db,  f/fo,  response  at  resonance,  and  attenuation.  Examples  illustrate  use  of  curves 


Dbtermining  the  performance 
and  circuit  constants  of  a 
double-tunod  transformer  is  a  prob¬ 
lem  frequently  encountered.  The 
use  of  the  charts  described  below 
will  greatly  facilitate  the  calcula¬ 
tions. 

The  general  expression  for  the 
attenuation  of  two  identical  coupled 
circuits  is' 
db  -  20  log 

2Qk 

This  relation  is  plotted  in  Fig.  1 
so  as  to  give  the  level  variation  of  a 
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family  of  Qk  curves  with  respect  to. 

The  coupling  between  the  two 
coils,  k,  and  the  Q  of  the  coils  is  re¬ 
lated  to  width  of  the  pass-band  by* 

(2) 

where  A///,  is  the  fractional  fre¬ 
quency  deviation.  The  V~2  converts 
from  peak  separation  to  bandwidth*. 
The  level  change  in  the  pass-band 
may  be  obtained  by  setting  A///o=0 


FIG.  1 — ^UniTonal  MloctiTity  cuttm.  showing  doTiotion  from 
OTorago  post-bond  rotponso  ra  doTiotlon  from  rstononcs 


in  Eq.(l)  and  dividing  the  result 
by  2  in  order  to  obtain  the  variation 
in  gain  from  the  average,  as  a  func¬ 
tion  of  coupling.  This  leads  to 

Adb-lOlog^^  (3) 

Equations  (2)  and  (3)  are  plotted 
simultaneously  in  Fig.  2.  This  chart 
gives  the  solution  of  the  problem  in¬ 
volving  the  four  variables  k,  Q, 
and  Adb,  with  any  two  of 
them  known.  Since  k  is  usually  an 
adjustable  variable,  there  are  three 
possible  cases 

Known  Unknown 

(1)  A///o  and  Adb  Q  and  k 

(2)  A///  and  Q  Adb  and  k 

(3)  Adb  and  Q  .  A///  and  k 

The  relative  response  at  reson¬ 
ance,  due  to  variations  in  Qk,  is  ob¬ 
tained  from  the  reciprocal  of  the 
expression  resulting  from  setting 
A///o  =  0  in  Eq.  (1).  This  gives 

2Qk 

Gam  reduction  factor  =  — ,  (4) 

The  solid  curve  in  Fig.  3  is  plot¬ 
ted  from  Eq.  (4).  The  factor  used 
to  determine  the  average  gain  in 
the  pass-band,  as  a  function  of  Qk, 
is  obtained  by  averaging  the  gain 
reduction  factors  at  maximum  pass- 
band  gain  and  at  resonance.  This 
yields 

(Qk  -4-  1)* 

Gain  reduction  factor  =  2  [(Qfe)«-H] 

A  plot  of  this  expression  for  values 
of  Qfc  ^  1  is  shown  by  the  dashed 
line  in  Fig.  3. 

Design  Considerations 

Design  requirements  of  double- 
tuned  r-f  transformers  ordinarily 
involve  some  particular  attenua¬ 
tion  at  a  given  frequency-deviation 
from  resonance.  Knowing  the  re¬ 
quired  response  in  db,  A///„  and  the 

October  1944  —  ELECTRONICS 


Gain  reduction  factor  = 


Gain  reduction  factor 


en  k. 
urves 


result 
riation 
i  f  unc- 
i  to 

(3) 

plotted 
9  chart 
lem  in- 
k,  Q, 
two  of 
ally  an 
B  three 


/t  •  ' 


Af. 

~ro- 


SandwtoH-h 


Resonan+  Frequency 


in  Percent 


LEFT 

FIG.  2 — Three-parameter  chart  giring 
the  relation  between  frequency  deeia- 
tion,  coupling  coefficient  and  circuit  Q 
for  Taluea  of  maximum  response  Toria- 
tion  within  the  bond 

BELOW 

FIG.  3 — Output  leTel  plotted  os  a  func¬ 
tion  of  the  product  of  coupling  coeffi¬ 
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available  Q,  the  required  Qk  is  de¬ 
termined  from  Fig.  1,  and  thus  the 
value  of  k  is  found.  If  attenuation 
at  a  specific  point  has  been  the  de¬ 
sign  criterion,  the  resulting  Adb 
can  be  determined  from  Fig.  2. 

Frequently  a  transformer  must 
be  designed  with  a  certain  allow¬ 
able  response  deviation  from  the 
average  pass  -  band  response. 
Usually  the  deviation,  given  in  the 
charts  as  Adb,  the  width  of  the 
band,  given  as  A/,  and  the  resonant 
frequency,  /o,  are  known.  By  using 
Fig.  2,  it  is  possible  to  calculate  the 
corresponding  Q  and  k.  The  result¬ 
ing  attenuation  at  various  fre¬ 
quencies  can  be  determined  by  the 
use  of  Fig.  1. 

Desigs  Preceduro 

1.  Determine  Q,  k.  A///#  and  Adb 
from  Fig.  2. 

2.  Calculate  maximum  gain  from 
(9mXiQ/2)  where  is  the  trans¬ 
conductance  of  the  tube  driving  the 
transformer,  and  Xl  is  the  react¬ 
ance  of  either  coil  at  /». 

3.  From  Qk  or  Adb,  find  the  gain- 
•eduction  factor  from  Fig.  3  and 
multiply  it  by  the  gain  obtained  in 
^tep  2  to  obtain  actual  gain. 

4.  Determine  the  gain  at  any  por¬ 


tion  of  the  response  curve  from 
Fig.  1. 

Examples 

1.  An  i-f  transformer  operating 
at  456  kc  with  a  tube  having  a 

of  3000  /nmhos  is  required  to  have  a 
pass-band  of  16  kc.  The  response 
must  not  vary  more  than  on^  db 
from  the  average.  The  inductance 
of  each  transformer  winding  is 
250ju.h.  Find  Q,  k,  the  average  gain, 
and  the  attenuation  at  20  kc  from 
resonance. 

Calculating  A///o  =  16/456  = 
3.51  percent 

From  Fig.  2:  Q  =  70;  fc  =  0.028 
Max.  gain  =  g„XiQ/2  = 

3000  X  10-  2r456  X  10*  X  250 
X  10-  X  70  2  =  75.2 
Average  gain  in  pass-band  75.2  x 
0.9  =  67.7,  where  the  0.9  is  read 
from  Fig.  3. 

For  20  kc  deviation,  A/  =  40  kc 
and 

(QA///o)  =  (70  X  40/456)  =  6.14 
Qk  =  10  X  0.028  =  1.96 
From  Fig.  1  the  attenuation  = 
18  db. 

2.  An  i-f  transformer  is  required 
to  work  at  3  Me  with  a  tube  which 
has  a  g„  equal  to  5000  /xmhos,  and 
using  a  30-jiih  coil  with  a  Q  of  200. 


Find  k  and  gain  at  resonance  to  give 
a  compromise  between  gain  and  se¬ 
lectivity.  Determine  the  gain  at 
bandwidths  of  10,  25,  50  and  75  kc. 

A  value  of  Qk  =  0.5  is  a  good 
compromise  between  gain  and  se¬ 
lectivity,  reducing  the  gain  to  0.8 
of  the  value  obtained  at  critical 
coupling  (Fig.  3),  while  improving 
the  selectivity  (Fig.  1). 

For  Qk  =  0.5,  k  =  0.5/200  = 
0.0025 

Max.  gain  =  g^XiQ/Z  =  283 
Gain  at  resonance  =  283  x  0.8  = 
226  =  47.1  db 
Q/f  =  200/3000  =  0.0667 
From  Fig.  1 


a/in  kc . 

10 

29 

90 

79 

0(a//A) . 

0.667 

1  067 

3.333 

9  000 

Attenuation  in  db 

from  Fig.  1 . 

2.2 

9  3 

19.9 

26.0 

Gain  in  db:  47.1 

minus  Atteouatioo 

44.9 

37.8 

27.6 

21.1 
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IMPEDANCE 

CONVERSION  CHART 

Conyersion  of  complex  quantities  from  rectangular  to  polar  form  or  vice  versa  is  readily 
accomplished,  using  only  a  straight-edge.  When  reactance  and  resistance  are  known, 
the  magnitude  and  phase  angle  of  impedance  may  be  quickly  determined 


IN  THE  COURSE  of  impedance  cal¬ 
culations,  it  often  becomes  neces¬ 
sary  to  transfer  the  form  of  an  im¬ 
pedance  from  rectangular  coordin¬ 
ates  to  polar  coordinates  (R  -1-  jX 
=  The  accompanying  chart 

provides  a  simple  and  time-saving 
means  of  making  this  change. 

As  an  example,  suppose  that 
bridge  measurements  yield  an  im- 
j;)edance  of  1.6  -I-  ;2.0  ohms.  The 
value  of  R  /X  is  in  this  case  equal 
to  0.76.  Drawing  a  vertical  line 
(shown  as  a  dashed  line  on  the 
chart)  through  0.76  on  the  hori¬ 
zontal  scale,  it  will  be  seen  that  this 
line  intersects  the  phase-angl6  curve 
on  the  chart  at  a  value  of  36.9  de¬ 
grees.  This  angle,  B,  is  the  comple¬ 
ment  of  the  true  phase  angle,  63.1 
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degrees.  Drawing  a  horizontal  line 
to  the  left  from  36.9  on  the  phase- 
angle  curve  until  it  intersects  the 
diagonal  line  2.0  corresponding  to. 
the  value  of  X,  then  dropping  a  per¬ 
pendicular  to  the  horizontal  scale, 
we  obtain  a  correction  Z—X  of  0.6, 
which  when  added  to  the  value  of 
X  =  2.0,  yields  the  impedance,  Z, 
equal  to  2.6 ;  therefore  1.6  -H  j2.0  = 
2.6Z63.1“. 

If  R  is  larger  than  X,  the  ratio 
X/R  is  used  as  the  original  argu¬ 
ment,  and  0  is  the  phase  angle  di¬ 
rectly  as  read.  The  diagonal  line 
corresponding  to  R  rather  than  X  is 
used,  and  correction  is  added  to  R. 


The  chart  will  work  with  any 
ralues  of  X  and  R,  by  moving  the 
decimal  point  in  the  scales  of  X  (on 
the  diagonal  lines)  and  correction 
term  Z  —  X  (on  the  scale  of  ab- 
cissas)  the  same  number  of  places, 
leaving  the  R/X  scale  as  marked. 
For  example,  20  +  yi5  yields  a 
value  of  X/R  =  0.76,  giving  phase 
angle  equal  to  36.9  degrees.  Consid¬ 
ering  the  line  i2  =  2.0  as  =  20, 
the  correction  term  is  6.0,  rather 
than  0.60,  and  the  impedance  is 
26Z36.9°. 

The  inverse  operation  (Z  Z«^  =  J? 
-1-  jX)  may  also  be  carried  out  by 
means  of  estimated  values,  and 
practice  will  enable  the  user  of  the 
chart  to  carry  out  the  computations 
quite  rapidly. 
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it  a  CINCH  part  Is  filling  that  great  need. 
Such  accuracy  in  design  can  only  be  the 
result  of  "Know  How",  as  evidenced  by  the 
record  of  CINCH  achievements.  CINCH  wos 
"first  in  the  field"  with  a  complete  line  of 
Miniature  Socket  Assemblies  and  Mountings. 
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We  need  only  know  the  need, 
and'  often  that  is  anticipated.  Our  field 
f^gineers’^  thru  training  and  experience 
acd^tyafely  report  it  to  our  designing  staff, 
and  th%  solution  of  your  specific  problem 
is  set  in  motion.  Almost  before  you  realize 

CINCH  Fasteners  *  Miniature  Sockets 

Filler  Necks  *  Octal  Sockets- *  Lugs  I  H 

Terminal  Strips  *  Metal  Stampings  H  H 
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Machining  Control  Cuts  Finishing  Time 


A  SEDUCTION  in  finishing  time  from 
.ISi  hours  to  5  minutes  in  the  ma- 
'chining  of  aluminum  spar  beams 
for  plane  wings  has  been  accom¬ 
plished  at  one  Cleveland  aircraft 
plant,  with  the  help  of  General 
Electric  Thy-mo-trol  installed  on  a 
large  automatic  contour  milling  ma¬ 
chine  designed  and  built  by  the 
Onsrud  Machine  Works',  Inc.  of  Chi- 
>cago. 

The  spar  beams  are  long,  one- 
piece  structural  channels  which  run 
lengthwise  through  the  wing,  from 
fuselage  to  wing  tip.  Wing  ribs  and 
cap  strips  are  fastened  on  the  beams 
to  make  up  the  rigid  framework  of 
the  wing.  The  spar  must  be  ma¬ 
chined  accurately  to  permit  per¬ 
fect  joining  of  ribs  and  cap  strips, 
and  it  must  also  be  contoured  ex¬ 
actly  to  conform  with  the  irregu¬ 
lar  shape  of  the  wing  itself. 

,  The  carriage  of  the  milling  ma¬ 
chine  houses  four  cutter  motor  as¬ 


semblies,  providing  two  horizontal 
and  two  vertical  cutters  which  turn 
at  3,600  and  10,800  rpm,  ideal 
speeds  for  the  aluminum  alloys  in¬ 
volved.  Each  cutter  is  controlled 
by  a  follower  which  travels  over  a 
template  or  former  bar  as  the  car¬ 
riage  moves  from  one  end  of  the 
table  to  the  other.  The  bed  and  ta¬ 
ble  are  long  enough  to  permit  ma¬ 
chining  the  long  spar  in  a  single 
setup.  With  the  four  cutters,  every 
type  cut  required  by  spar  beam  de¬ 
sign  may  be  made,  such  as  face, 
slot,  and  side  milling,  twist  cutting, 
beveling,  and  making  cutouts  for 
weight  reduction. 

Carriage  Control 

Need  for  a  fiexible  carriage  speed 
control  was  met  by  the  Thy-mo-trol 
drive,  which  assures  that  the  cut¬ 
ters  are  fed  to  the  work  at  all  times 
in  proper  relation  to  the  changing 
contours  of  a  spar  beam.  For  ex¬ 


ample,  in  one  pass  over  the  table, 
the  depth  of  cut  may  increase  and 
decrease  several  times  while  the 
number  of  cutters  entering  the 
work  may  change  from  one  to  four. 
Such  varying  conditions  required 
a  change  of  feed  to  avoid  overload¬ 
ing  of  the  cutter  motors.  Moreover, 
a  fast  “skip'’  speed  was  essential  to 
save  time  when  no  cutting  at  all  is 
necessary. 

With  the  electronic  system,  a-c 
power  is  converted  to  d-c  to  obtain 
a  stepless  speed  range  with  a  rheo¬ 
stat-controlled  d-c  carriage-drive 
motor.  The  control  unit  makes  pos¬ 
sible  a  carriage  feed  at  any  speed 
from  4  in.  to  18  ft  6  in.  per  min¬ 
ute.  This  infinitely  variable  speed 
within  the  established  limits  has 
resulted  in  the  topspeed  machining 
•of  the  complex  spar  beam  at  all 
times. 

An  automatic  cam  bar  feed  de¬ 
signed  by  Onsrud  engineers  makes 
it  unnecessary  far  the  operator  to 
judge  the  maximum  speeds  at 
which  the  carriage  can  be  fed  dur¬ 
ing  the  many  different  conditions 
encountered  in  a  pass.  During  car¬ 
riage  feed,  a  rheostat-connected 
follower  travels  over  the  cam  bar, 
which  is  contoured  accurately  in 
proper  relation  to  the  work.  Up- 
and-down  travel  of  the  follower  as 
governed  by  the  cam  varies  the  cen¬ 
tre^  of  the  rheostat,  and  at  every 
point  of 'the  pass  the  mechanically 
pre-determined  carriage  speed  is  at 
the  exact  maximum  that  work  will 
permit. 


Automatic  contour  milUng  machino  in  operation.  Equipped 
with  G-E  Th7>mo>trol.  it  do«>  in  S  minutes  a  finishing  op- 
erotion  in  the  machining  of  aluminum  spar  beams  that 
formerly  took  13Vk  hours 


Qoee-up  of  G-E  Thy-mo-trol  panel  and  a<  magnetic  con¬ 
troller  (ot  left  door  open)  on  the  mllBng  mnrhhie.  The 
control  panel  at  right  without  eorer  is  for  the  1-hp  motor 
(eenter)  whidi  dciree  the  carriage  feed 


144 


beHbif  1944  — ELiCTRONICS 


WB  Capacitor 

DoesnH  Need  Much  Space! 


Not  Much  Space  Here... 


Kr«p  Bmcking  thm  Attack 


tgith  War  RonWa 


P.  R.  MALLORY  a  COJnc. 


Mallory  has  pioneered  the  manufacture  of  dry  electro- 
lytics  through  the  age  of  "specials”  and  individual  spec¬ 
ifications  . . .  can  still  supply  them  upon  demand.  But 
developments  have  proved  that  industry  can  best  be  served  by 
standardized  types  of  capacitors.  The  Mallory  B  type  capaci¬ 
tor  is  such  a  unit:  an  example,  too,  of  careful  design  and  pro¬ 
duction  offering  maicimum  capacity  in  a  minimum  amount 
of  space. 

Mallory  type  WB  capacitors  are  housed  in  aluminum  tubes 
that  provide  an  effective  seal  against  moisture  absorption  and 
loss  of  electrolyte.  A  cardboard  cover  provides  excellent  insula¬ 
tion  against  shorts  when  the,  aluminum  tube  is  assembled 
in  close  quarters. 

These  electrolytic  capacitors  are  ideal  for  applications  in 
AC/DC  sets  and  wherever  space  is  at  a  premium.  They  are 
shorter  than  most  cardboard  tubulars  that  require  extra  length 
for  sealing  wax  at  either  end. 

These  advantages — plus  the  hermetic  seal  of  WB’s — makes 
possible  a  tubular  capacitor  that  withstands  humidity  and 
temperature  changes  harmful  to  most  cardboard  types.  See 
your  Mallory  distributor  or  write  direct  for  further  information. 

P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 
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ELECTROLYTIC, 

F I LM  AND  PAP E R 

CAPACITORS 


the  second  coil.  The  operator  re¬ 
cords  the  time  of  flight  between 
coils  and  computes  the  velocity.  It 
is  noted  down  along  with  the  record 
of  the  particular  gun  and  projectile 
being  tested  for  subsequent  analy¬ 
sis  'by  ballistic  experts.  The  oper¬ 
ator  then  touches  the~T*e8et  button 
and  is  ready  to  repeat. 


Test  Muzzle  Velocity  with  Time-Interval  Counter 

\N  ELECTRONIC  INSTRUMENT  that  succession.  By  magnetizing  the 
las  been  used  for  over  a  year  at  projectile,  a  small  electrical  signal 
Aberdeen  Proving  Ground  and  is  generated  by  each  coil  as  the 
)ther  places  instantaneously  sup-  bullet  passes  through.  If  the  coils 
[)lies  information  upon  which  the  are  30  feet  apart,  and  the  time  be- 
[)erformance  of  a  given  gun  is  es-  tween  the  two  signals  is  0.01  sec- 
tablished  and  the  uniformity  of  its  ond,  the  bullet  is  traveling  3,000 
ammunition  checked  within  a  few  feet  a  second.  The  measurements 
seconds.  It  is  equally  effective  with  can  be  made  at  the  rate  of  hun- 
all  types  of  guns,  from  small  hand  dreds  of  observations  a  day. 
weapons  to  16-inch  rifles.  The  counter  consists  of  three  es-  Electronic  Sorting  Table  £o, 

Developed  especially  for  the  Ab-  sential  parts:  an  oscillator,  a  gate,  Small  Parts 
erdeen  Grounds  by  RCA  Ubora-  and  the  counter  pro^r.  The'fre-  much  greater  speed  in  the  sorting 
tones  at  Princeton  N.  J.,  the  el«.  quency  of  the  oscillator  is  con-  inapaction  of  tiny  contact  as 

tronic  time-interval  counter  is  de-  trolled,  as  in  a  rrfio  transmitter,  aamblies  produced  at  General  Elec 
signed  to  measure,  with  great  ac-  by  a  quartz  crystal  ground  to  oper-  .  .  ,  gchenectadv  Works  Hpp 
cur«y  a  time  interval  in  the  order  ate  at  precisely  100  kc.  The  Rate  ^“h^iugrthe  dLt, 

of  0.01  Extreme  accuracy  18  Ob-  is  a  v^uum-tube  circuit  which  „ent  of  an  electronic  sorting  tabi 
Uined  through  the  ability  of  the  passes  the  pulses  into  the  counter,  assemblies  ini 

‘hem  and  Anally,  when, 

within  0.00001  second.  The  research  the  gate  is  closed,  shows  by  indi-  „„  whether  they  are  too  high  tc 

on  this  device  was  brought  to  frui-  cator  lamps  the  number  of  pulses  .  a  i 

.  •  j  f-  1  j  •  Ai.  1.  V  j  Ai-  u  riTv  -A  within  the  tolerances, 

tion,  and  a  very  practical  device  that  have  passed  through.  Thus,  it  Previouslv  the  contact  assen 

made  available  to  the  military  serv-  shows  the  number  of  hundred-  . ,  \  ,  ,,  , 

ices  through  the  work  of  Igor  E.  thousandths  of  a  second  from  the  „  au  a 

j  «  noA  L  •  A-  Au  A  j  A  i  A  I  j  require  handling  with  tweezer 

Grosdoff,  RCA  research  engineer,  time  the  gate  opened  until  it  closed. 

_  .  .  ,  .  ^  In  operation  on  the  firing  ranges, 

Principle  of  Operation  ,,  ,  ,  .  .  j  v.  al 

the  counter  s  gate  is  opened  by  the 

Each  range  is  equipped  with  two  electrical  signal  from  the  first  coil  H|H|^p|H|||||||y|HHH|HH 
electrical  coils,  arranged  so  *that  a  as  the  bullet  passes  through  it,  and 
projectile  will  pass  through  them  in  is  closed  again  by  the  impulse  from 


Small  auambliM  being  fed  onto  a  Blido  for 
•loctronic  sorting.  The  chutes  for  orersixe 
and  correct-sise  assemblies  are  located  at 
lower  left.  Units  that  are  too  small  trarel 
the  full  length  of  the  slide 


were  sorted  and  inspected  by  hand. 
Each  assembly  was  checked  with  a 
needle  micrometer  to  determine 
whether  it  was  oversize,  undersize, 
or  within  the  tolerances,  and  then 
sorted  accordingly. 

The  specially  designed  sorting 
table  incorporates  an  electronic  re¬ 
lay  and  a  factory-constructed  “con¬ 
tact  head.”  Each  assembly  is  fed 


Shells  from  this  90-mm  gun  or*  magnetised,  then  shot  through  coils  suspended  from 
the  towers.  In  passing  through  each  coiL  a  Toltage  is  generated  and  recorded  on 
a  chronograph.  Electronic  equipment  permits  determining  the  time  interral  to 
within  a  hundred-thousandth  of  a  second 
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RELAY 


AUTOMATIC  DOOR  CONTROL 

0*«f»  Hwf  Mv* 

wfc«rt  plant  traffic  (•  kaavy,  cat  liaatina  caste,  ra> 
4wcc  braatcapa  in  rsstaarants,  ara  c|  canaaniancs  ta 
^«ckppa  larlan  shappars.  Tfca  alAAIranic  priacipl* 
inaptwarl  lias  bamtia^c  at  caamicfcial  ami  InJwt- 


PHOTO-flKTRIC  DOOR  CONTROl 
Abova  unit  manufactvrad  by 
Oanaral  Electric  Ca.,  is  a  port  a4 
STANLEY  ”MAOIC  DOOR" 
CONTROLS. 


THERE’S  A  JOB  FOR 


'A  Tha  "Magic  Door"  tnodo  by  Ttio  Stanloy  Works  of  Now  BrHoin,  Conn.,  usos  o  Oanaral 
Elactric  control  unit  wMch  oparotas  outomoticolly  ot  tha  approoch  of  a  padastrion  or 
vahicla.  In  this  unit  a  boom  of  light  focusad  on  tha  catho^  of  a  phototuba  cousas  a 
tiny  currant  to  flow.  Enlargad  through  an  ampliflar  tuba  this  currant  oparatas  a  sansi- 
tiva  talaphona  typa  of  ralay  such  as  tha  Guardian  Sarias  405.  Anothar  phototuba  with 
an  auxiliary  ralay.  Guardian  Sarias  R«100,  is  amployad  to  hold  tha  doors  opan  for 
anyona  standing  within  tha  doorway. 

Tha  talaphona  typa  of  ralay  Is  axtramaly  sansMva  and  abla  to  oparota  on  tha  small 
currant  suppliad  through  tha  alactronk  circuit.  Tha  ouxiliory  ralay,  Sarias  R-100,  is 
raquirad  to  handia  a  graatar  currant.  It  is  a  small,  officiant  ralay  having  a  contact 
capacity  up  to  1  KW  at  fraquancias  up  to  and  including  28  magacyclas.  Contact'eom- 
binotions  ranga  up  to  doubia  pola,  doubla  throw.  Standard  coils  oparota  on  1 10  volts, 
60  cyclas,  and  draw  approximataly  7  V.  A.  Coils  for  othar  voltagas  ara  ovailabla. 
For  finthar  information  writa  for  bullatin  R-6. 

Consult  Guardian  whanavar  o  tuba  is  usad — kowavar — Ralays  by  Guardian  ara  NOT 
limitad  to  tuba  applications  but  ara  usad  wharavar  automatic  control  is  dasirad  for 
making,  brooking,  or  changing  tha  charactaristics  of  alactrical  circuits. 


Series  405  Telephone  Type  Ralay 


GUARDIAN  IWELECTRIC 

1425-L  W.  WALNUT  STREET  CHICAGO  12.  ILLINOIS 
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point,  a  second  contact  point  is  set  second  point  are  within  acceptable 
at  standard  height  less  tolerance,  limits  and  are  “shot”  down,  another 
Since  oversize  assemblies  have  al-  chute.  Undersize  assemblies  do  not 
ready  been  eliminated  at  the  first  touch  either  point  and  slide  undis- 
contact  point,  parts  touching  the  turbed  to  a  third  tray. 


Positioning  Controls  for  Planes  and  Ships 

For  completely  electrical  re¬ 
mote  positioning  of  rudders  or 
other  controls  on  airplanes  or  ships, 
it  is  possible  to  use  a  simple  direct- 
current  bridge  circuit  in  which  two 
potentiometers  are  connected  in 
parallel  across  the  d-c  power  source 
and  the  coil  of  a  sensitive  polarized 
or  directional  relay  is  connected  to 
the  movable  contact  arms  of  the  po¬ 
tentiometers. 

Figure  1  is  a  schematics  electri¬ 
cal  diagram  of  such  a  positioning 
control  circuit.  As  shown  here,  the 
directional  relay  controls  a  revers¬ 
ible  split-field  direct-current  motor 
with  series-field  windings  Fi  and 
Ft.  In  this  system,  the  transmitter, 
or  control  potentiometer  Pt,  is  lo¬ 
cated  in  the  cockpit,  while  the  re- 


CloM-up  yrtmw  oi  th«  work  toblo  for  oloc- 
tronlc  lortlaf  of  small  ossombHor.  At  tho 
right  Is  tbo  contact  hood  and  at  tho  loft  is 
ttio  oloetronle  roloy 


onto  a  45-deg  slide  which  is  part 
of  the  contact  head.  About  halfway 
down  the  slide,  the  assembly  comes 
to  a  contact  point  located  at  a  pre¬ 
set  height.  If  the  assembly  touches 
the  point,  it  is  oversize,  and  the  con¬ 
tact  made  closes  the  grid  circuit  of 
a  vacuum  tube,  which  in  turn  ener¬ 
gizes  an  electromagnetic  relay.  A 
solenoid  is  next  energized,  sending 
the  assembly  down  a  chute  into  a 
container  for  oversize  parts. 

A  short  distance  beyond  the  first 


Fig.  1 — Positioning  control  drcvH  using 
a  bolancsd  d-c  bridgs  and  polorisod 
relay 


ceiver,  or  position  reference  poten¬ 
tiometer  Pjr,  is  geared  to  the  actu¬ 
ator  motor.  When  the  pilot  moves 
the  slider  of  transmitter  potentiom¬ 
eter  Pt  to  a  new  position,  and 
thereby  unbalances  the  bridge  cir¬ 
cuit,  the  resulting  “signal”  voltage 
applied  to  the  coil  of  the  directional 
relay  causes  one  set  of  its  contacts 
to  close.  These  contacts  then  con¬ 
trol  the  energization  of  the  d-c  mo¬ 
tor,  causing  it  to  rotate  (clockwise 
or  counterclockwise)  as  required  to 
move  the  actuator  and  the  con¬ 
trolled  aircraft  members  to  the  de¬ 
sired  new  position,  corresponding 
to  the  pilot’s  setting  of  the  trans¬ 
mitter  control  Pf. 

The  broken  line  connecting  the 
motor  and  position  reference  poten¬ 
tiometer  Pj,  represents  the  gearing 
which  causes  the  motion  of  the 
slider  of  this  potentiometer  to  be 
proportional  to  that  of  the  con¬ 
trolled  aircraft  member  and,  there¬ 
fore,  when  the  latter  reaches  the  de¬ 
sired  position,  the  slider  of  potenti¬ 
ometer  Pj,  matches  the  pilot’s  of  Pr. 
The  bridge  is  again  balanced  so  that 
no  further  control  signal  voltage  is 
applied  to  the  coil  of  the  directional 
relay,  thus  allowing  its  contacts  to 
reopen.  The  motor  is  thereupon  de¬ 
energized  and  the  actuator  remains 
in  its  new  position. 

Unless  the  relay  is  made  excep¬ 
tionally  sensitive,  the  system  shown 
is  subject  to  positioning  errors  of 


X-RAY  UNIT  ON  OVERHEAD  CRANE 


Cronkcaiui  and  other  component  parts  for  Nary  ships  ore  x-rayed  for  possible  ioults 
at  Warren  City  Mig.  Cow  Warren.  Ohio.  One  of  four  of  its  kind  in  the  country,  the 
orerheod  x-roy  equipment  in  the  bockground  con  photograph  steel  plate  up  to  4 
Inches  thick.  Other  portoble  industrial  x-roy  units  appear  in  the  foreground  ond 

extreme  background 
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In  andcipadon  of  "the  day/’  alert  manufac¬ 
turers  recognixe  the  importance  of  lining  up 
sound  sources  for  the  component  parts  they 
will  require. 

Right  now,  as  for  many  months  past,  IRC 
research  engineers  are  busily  engaged  in  war 
development  work  on  many  new  types  of 
resistances  which  will  fit  the  pattern  of  post¬ 
war  applicadons.  In  addidon,  special  design 
problems  have  been  undertaken  in  %  fU 
instances  where  the  prospecdve  — 

volume  warranted  such  course.  4^ 


That  IRC  will  have  in  hs  expanded  line 
most  of  the  resistance  devices  industry  will 
need,  is  assured  as  a  result  of  careful  market 
surv^st  These  quality  units  will  be  offered 
at  prices  consistent  with  mass  production 
methods  made  possible  through  operadon  of 
the  world’s  largest  resistor  plants. 

If  resistances  will  play  a  part  in  your  post- 
..  wair  products,  why  not  get  in  touch 

,  with  IRC  now?  No  obligadon  is 
fie*  entailed. 


INTERNATIONAL  RESISTANCE  CO 
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the  order  of  d=  2  percent  to  ±:  3 
percent  of  the  total  travel  of 
the  driven  device.  It  is  diflicult  in 
such  a  system  to  provide  for  anti¬ 
hunt  or  stabilizing  means  in  the 
electric  motor  control.  Thus,  due  to 
the  inertia  of  the  motor,  the  speed 
of  operation  of  the  controlled  mem¬ 
ber  has  to  be  limited  and  the  width 
of  the  null,  or  backlash,  zone  must 
be  considerably  wider  than  is  neces¬ 
sary  in  a  system  that  may  incorpor¬ 
ate  a  proper  degree  of  “anticipa¬ 
tion.” 

Electronic  Positioning  Control 

To  avoid  using  an  extremely 
sensitive  and  delicate  relay  on  an 
aircraft  to  obtain  higher  position¬ 
ing  accuracy  and  also  to  provide 
absolute  stability  and  antihunt  fea¬ 
tures,  an  electronic  control  circuit 
has  been  developed  in  which  the 
sensitive  relay  is  replaced  by  a  vac¬ 
uum-tube  and  differential-relay 
combination.  Such  a  system  was  de¬ 
scribed  by  William  P.  Lear  of  Lear 
Avia,  Inc.,  in  a  paper  delivered  at  a 
joint  meeting  of  the  Franklin  In¬ 
stitute  and  the  Philadelphia  section 
of  AIEE. 

Figure  2  shows  a  schematic  dia¬ 
gram  of  a  positioning  control  cir¬ 
cuit  using  the  electronic  tube — re¬ 
lay  system  with  a  balanced  alter¬ 
nating-current  bridge  connected  to 
the  secondary  ,S,  of  power  trans¬ 
former  Tu  In  this  circuit,  the  slid- 


Fig.  2 — Circuit  of  racuum-tube  aystein 
using  on  a-c  bridgs  and  rsloy  for 
positioning  control 

ers  of  potentiometers  Pr  and  P*  are 
connected  to  the  primary  of  the 
grid  transformer  T,,  which  “steps 
up”  the  weak  signal  voltage  before 
it  is  applied  to  the  grids  of  the  vac¬ 
uum  tube  VT.  The  differential  re¬ 
lay  coils,  which  are  connected  re¬ 
spectively  in  series  with  the  plates 
of  the  tube,  receive  their  power 
from  the  secondary  Sn  of  the  power 
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in  Low  and  Hugh 
Temperatures 


There  is  a  range  of  210  degrees  between  the  prevailing  temperatures 
at  the  Equator  and  the  Arctic  Circle.  Yet  microphones  must  operate 

unfailingly,  whether  used  at  New  Guinea  or  Murmansk.  Shure  Research,  in 
heated  chambers  and  dry  ice  temperatures,  assures  our  armed  forces 
Microphones  that  will  bring  the  message  through  under  any 
temperature  condition.  It’s  the  same  Shure  Research 
that  assures  you  a  better  postwar  product 

SHURE  BROTHERS,  33S  West  Street,  €hlea«e 

Designers  and  Manufacturers  of  Microphones  and  Acoustic  Devices 
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CONCORD  RADIO  CORPORATION 

tOI  W.  iocktOM  Ihrd.,  Cliicaso  7,  III.,  D«pt.  G*I0 
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Alter  soakiiiq  in  worm  water  lor  II 
houra,  cathode-ray  tribe  boaea  ore  In- 
aerted  in  the  holder  ahown  abore  and 
the  tribe  twiated  againat  the  torque  oi 
the  weight  on  the  arm.  Virginia  Con- 
nick  teata  the  cement  on  the  tube  boae 
in  thia  manner  at  the  Dobbe  Ferry  plant 
ol  North  American  Philipa 
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The  Lafayette  Radio  Corporation  hot,  for  22  yeort,  been  m^^^ 

one  of  the  respected  and  weU-known  names  in  the  field  of  ^ 

radio  and  electronics.  Our  policies  and  our  personnel,  our 
reputation  for  integrity  and  outstanding  service  to  our  cus¬ 
tomers  hove  enabled  us  to  become  one  of  the  notion's  great 
orsenok  of  radio  and  electronic  equipment.  During  these  crit¬ 
ical  war  years,  the  Lafayette  Radio  Corporation  hot  aided 
immeasurably  in  speeding  the  production  of  materials  for  Victory. 

In  announcing  the  change  of  name  to  the  CONCORD  RADIO  COR¬ 
PORATION,  we  wish  to  emphosiu  the  fact  thot  the  name  ooly  will 
be  changed.  To  the  thousands  of  discriminating,  merchandise-wise 
buyers  in  industry,  government  and  ebewhere  who  ore  among  our 
thousands  of  satisfied  customers,  we  promise  a  continuance  and 
broadening  of  our  organisation  ond  our  policies. 

With  the  advent  of  new  and  greater  horisons  in  electronics,  the 
CONCORD  RADIO  CORPORATION  will  blase  new  traik  in  engineering 
achievements  and  customer  services.  And,  os  olwoys,  complete  satis¬ 
faction  will  be  guoronteed  in  every  transaction. 

/ 

The  CONCORD  RADIO  CORPORATION  will,  when  the  time  k  right,  announce 
many  unusual  electronic  developments.  Watch  our  future  odvertisements 
in  this,  and  other  publications.  And  be  sure  that  your  noma  is  on  our 
list  to  receive  our  postwar  literoture  and  cotlogs. 
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transformer.  When  the  bridge  cir¬ 
cuit  is  balanced  there  is  no  a-c  sig¬ 
nal  to  the  grids  of  the  tube,  and  the 
relay  coil  currents  are  balanced. 
The  relay  contacts  are  open  and  the 
motor  is  de-energized. 

When  the  pilot  moves  the  slider 
of 'transmitter  potentiometer  Pr  to 
a  new  position,  the  tube  amplifies 
and  rectifies  the  resulting  unbal¬ 
anced  signal  voltage,  causing  one 
relay  coil  current  to  increase  and 
the  other  to  decrease.  The  relay 
operates  to  energize  the  actuator 
motor,  which  then  moves  the  driven 
aircraft  component,  and  with  it  the 
slider  of  position  reference  poten 
tiometer  P*  to  the  position  corres 
ponding  to  that  of  the  transmitter 
potentiometer  Pr.  The  bridge  cir 
cuit  is  again  balanced  so  that  no 
further  control  signal  voltage  is  ap 
plied  to  the  grids  of  the  vacuum 
tube  VT  and  the  relay  coil  currents 
return  to  their  balanced  values,  al¬ 
lowing  the  relay  to  open  and  stop 
the  actuator  in  its  new  position. 

Magnetic  Clutch 

An  important  feature  in  stabiliz¬ 
ing  the  operation  of  this  ccmtrol 
system  is  the  use  of  a  fast-acting, 
low-inertia  clutch.  One  such  clutch 
that  has  proven  satisfactory  in 
actual  service  is  the  Lear  “Fastop” 
magnetic  clutch  which  is  electri¬ 
cally  connected  with  the  motor  as 
shown  in  Fig.  2.  As  previously  ex- 
•  •  • 

TWIST-TEST  FOR  OR 
TUBES 


PleaM  rush  me  the  new  U-poge  "Special  Flyer"  just 
published  by  the  Concord  Radio  Corporation. 


CONCORD  RADIO  CORPORATION 

J^afciueiie  GotpotcUwn 


901  W.  Jacksan  Blvd. 
CHICAGO  7,  ILLINOIS 


265  Peachtree  Street 
ATLANTA  3,  GEORGIA 
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Specially  designed  insulating  parts  machined  from 
LAMimiD  plastic  laminates  meet  mechanical  and 
electrical  sp^ifications  not  possible  to  obtain  with 
a  less  versatile  material.  Lightness,  structural  and 
dielectric  strength— machinabihty  that  permits  fab¬ 
rication  into  simple  or  intricate  shapes,  and  dimen¬ 
sional  stability — all  make  it  ideal  for  fabrications 
of  parts  like  that  illustrated  at  left. 

In  addition  to  Mica  Insulator  Company’s  own 
pl2mt  in  Schenectady,  New  York,  expert  fabrication 
facilities  are  available  through  Lamicoid  fabricators, 
strategically  located  in  large  industrial  centers 
(see  addresses  belcw). 

These  pl£uits  maintain  lar^  stocks  of  Lamicoid 
sh^ts,  rods  and  tubes,  and  offer  prompt  delivery  of 
Lamicoid  fabrications  cf  all  kinds. 
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Of  particular  interest  is  this  new  Empire  "3  mil  bias 
tape”  which  combines  extreme  thinness  with  ex^l- 
lent  dielectric  strength  and  elongation  properties. 
It  is  especially  adapted  for  use  on  irregularly  shaped 


conductors;  or  for  solenoid  and  instrument  coils. 

The  Empire  line  also  includes  a  complete  line  of 
varnished  cloths  and  tapes  and  Varnished  Fiberglas 
(for  Class  B  insulation). 


FABRICATORS 


Mica  Insulator  Company,  200  Varick  Stroot,  Now  York  14,  N.  Y.  •  Insulating  Fabricators 
Inc.,  12  East  12th  Stroot,  Now  York  3,  N.  Y.  •  Insulating  Fabricators  of  Now  England, 
Inc.,  22  Elkins  St.,  S.  Boston  27,  Mass.  •  Lamicoid  Fabricators,  Inc.,  3600  Fotontoc 
Avonuo,  Chicago  51,  Illinois  •  Tho  Kirby  Company,  13000  Athons  Avonuo, 
Clovoland  7,  Ohio  •  Bakoring,  Inc.,  1020  Houston  Avonuo,  Houston  10,  Texas 


200  VARICK  STREET,  NEW  YORK  14,  N.  Y. 
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FLEXIBLE  SHARING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


WHEN  THE  “LONGEST  WAY  ‘ROIND 
IS  THE  SHORTEST  WAY  HOME”... 

Specify  Walker-Turaer  Flexible  SMiiq 


In  transmitting  light  power  loads  between  two  points,  it  is  often 
possible  to  design  a  simpler,  lighter,  more  compact  product 
with  Flexible  Shafting  than  with  gears. 

You'll  find,  tod,  that  it  pays  to  specify  Walker-Turner  Flexible 
Shafting  on  jobs  like  these  —  for  smoother  power  flow,  more 
sensitive  control,  trouble-free  operation.  Into  this  product, 
we've  packed  all  the  "know-how”  picked  up  in  years  of  manu¬ 
facturing  our  own  flexible  shaft  machines  ...  in  years  of 
working  with  other  manufacturers  on  problems  of  power 
transmission  and  remote  control.  Let  us  know  if  we  can  put 
that  experience  to  work  for  you! 


WALKER  -  TURNER  COMPANY.  INC.  Plainfield.  New  Jersey 


plained,  this  clutch  disconnects  the 
motor  from  the  gearing  actuator 
immediately  upon  de-energization 
of  the  motor  and  also  permits  the 
clutch  member  to  brake  the  gear¬ 
ing,  whereby  the  actuator  and  air¬ 
plane  member  are  almost  instantly 
stbpped.  Other  features  will  in¬ 
crease  the  stability  or  anti-hunt 
characteristics  of  the  control  sya 
tern  and  can  be  incorporated  in  an 
arrangement  similar  to  that  shown 
in  Fig.  2.  It  has  been  found  that  a 
potentiometer- vacuum  -  tube  -  relay 
control  system,  as  exemplified  by 
Fig.  2,  can  position  remotely  to  ac¬ 
curacies  well  within  one  percent  of 
the  total  travel  of  the  driven  device. 
Such  accuracies  are  ample  for  the 
positioning  of  most  accessories  and 
components  on  an  aircraft,  such  as 
wing  flaps,  landing  gear,  shutters, 
doors,  cowl  flaps,  etc. 


H-F  Heating  Patents 

Licenses  covering  the  application 
of  high-frequency  heating  in  the 
production,  processing  and  manu¬ 
facture  of  rubber,  plastics,  wood 
and  other  products,  are  now  avail¬ 
able  in  this  country  under  the  pat¬ 
ents  of  H.  A.  Leduc  and  R.  A.  Du- 
four.  The  main  advantage  of  the 
processes  and  apparatus  covered 
by  the  patents  is  that  non-metallic 
dielectric  materials  can  be  rapidly 
and  uniformly  heated  throughout 
their  mass,  and  that  temperature 
and  temperature  rise  can  be  ac 
curately  controlled. 

Originally  developed  by  the  in¬ 
ventors  with  a  view  to  overcoming 
the  diflSculties  inherent  in  the  vul¬ 
canizing  of  massive  rubber  objects, 
the  high-frequency  heating  process 
has  become  the  means  for  making 
possible  heat  transfer  in  many 
poorly  conducting  or  non-conduct¬ 
ing  materials. 

According  to  the  claims,  the 
practical  applications  of  the  proc 
ess  in  the  rubber  field  include: 
thermal  plasticizing  of  bales  of  raw 
rubber ;  reclaiming  by  heat ;  vulcan¬ 
izing  of  sponge,  thick  masses,  roll 
coverings,  rubber-coated  metals, 
rubberized  or  plasticized  parts, 
proofed  goods  and  molded  articles; 
concentration,  sterilization  and  vul¬ 
canizing  of  stabilized  latex;  coagu¬ 
lation  of  heat-sensitized  or  elec¬ 
trically  unstable  latex;  manufac¬ 
ture  of  insulated  cables  and  wires 
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PLAN  YOUR  FASTENINGS  NOW 
For  that  Product  in  the  Design  Stage 


ScoviLL  Manufacturing  Company 
Waterville  ni  ifT^  Division 


TEL.  Waterbury  3-3151 


WATERVILLE  48.  CONN 


■forgliig**— proof 
|;|nore  oacli  MOiitii 


[Plan  now  for  fast  assembly  of  your  product  before  it 
jlsaves  the  design  stage.  Your  preparation  for  postwar 
production  should  include  an  early  and  exacting  choice 
[of  fastenings -standard  or  special -to  eliminate  un- 
inecessary  assembly  problems  later.  Remember,  your 
precise  selection  may  be  “the  making"  of  your  assem¬ 
bled  product -for  no  product  can  be  better  than  its 
fastenings. 

Now  is  the  time  to  let  Scovill's  broad  experience  in 


fastenings  and  skill  in  special  design  serve  you.  We  will 
help  you  determine  the  best  modern  fastenings  to  use  - 
one  of  our  featured  standard  fastenings,  or  a  part  spe¬ 
cially  designed  to  fill  your  specific  need. 

A  substantial  saving  was  effected  by  cold-forging  the 
unusual  part  shown  above.  You  likewise  may  profit 
through  Scovill  ingenuity  in  cold-forging  .  .  .  saving 
money  -  materials  -  motions.  Call  our  nearest  Fastenings 
Expert  now  for  assistance  in  planning  your  fastenings. 


3  Standard  Fastenings  for  Prodnction  Efficiemy 


Phillips  Recessed  Head  Screws  - 
The  modem,  effective,  time-sav- 
ing  fastening  de- 
vice  proven  in 
tens  of  thousands 
of  assembly  lines. 
Other  standard 
ajF  head  styles  are 

available. 


Self-Tapping  Machine  Screws - 
Eliminate  separate  tapping  oper- 
ations  for  fasten- 
ings  to  castings, 
heavy  gauge 
sheet  metal,  and 
plastics.  Also 
with  Phillips 
Recessed  Head. 


Washer-Screw  Assemblies  - 
When  use  of  lock  washers  is 
indicated,  the 
time-saving  of 
^1^  pre-assemblies 
W  is  obvious.  Also 
available  in 
standard  slotted 
head  styles. 


NEW  YORK,  Clvytiw  Brtdhg  .  JETROIT,  714  Fislnr  Biikh«  .  CHICA60, 1221 W.  Wislk«tM  Boiirari  .  PHILADELPHIA,  II 1.  CInItM  Avmhn  RriWil 
fTITSBUROH.  2112  V.  Utoty  An.  •  SYRACUSE,  Syracsse  •  Kmnr  lisiraice  Mf. .  LOS  ANOaES,  2127  1  Ssts  St  •  SAN  FRANaSCO,  434  IriMi  St 
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lorow  that  jobs  are  waiting  for  you 
you  return  to  CJ.C. 


CHICAGO  TRANSFORMER 

DIVISION  OF  ESSEX  WIRE  CORPORATION 

3  5  01  WEST  ADDISON  STREET 
CHICAGO,  18 
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C/o<*-wp  vhw  of  th«  RCA  recording  model  em¬ 
ployed  at  OWI  Headquarters.  A  professional- 
type  unit,  the  73-AX  Recorder  provides  highest- 
quality,  instantaneous  recordings  for  broadcasting 
purposes.  30  to  10,000  cycle  frequency  response. 
Records  ot  33!^  or  78  r.p.m.,  outside-in  or  inside- 
out  at  96,  112,  120,  136  or  154  Knes  per  inch. 
Speed  and  groove  adjustments  at  the  turn  of 
a  knob. 


eating 


K»cording  ottoc/imeof  for  turatoble  mounting.  The  Model 
72-C  Recording  Unit  for  control  room  use  with  standard 
RCA  70-C  turntable  equipment.  Cutting  head  provides 
for  a  uniform  response  from  60  to  6000  cycles. 
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TRONICS 


teepees  were  tied  with  thongs 


With  keen  competition  that  must  follow  the  first 
rush  of  peacetime  business,  important  details 
will  influence  sales,  promote  merchandising, 
stimulate  success.  Of  these,  a  major  item  is 
fastenings.  America’s  new  products  will  be  ef¬ 
ficient,  economical,  accessible. 

Camloc  engineers  showed  plane  manufac¬ 
turers  that  easily  operated  doors  and  remov¬ 
able  panels  can  be  secure  at  400  M.P.H.  They 
are  ready  to  design  special  fastenings  for  your 
product  and  your  budget. 


Copr,  1944  Comloc  Fastener  Corooratlon 

420  LEXINGTON  AVENUE 
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heated  the  surface  of  each  pin 
above  its  critical  temperature  in 
less  than  one  second.  At  this  speed 
of  heating,  there  was  insufficient 
time  for  the  heat  to  penetrate  into 
the  core  and  only  a  thin  surface 
layer  experienced  a  change  in  physi- 
I  cal  state.  The  central  portion  of  the 
parts  retained  all  tfi^r  original 
toughness  and  strength. 

I  The  factory  application  of  this 
I  process  to  the  continuous  produc- 
i  tion  line  surface  hardening  *of  bear- 
I  ing  pins  involved  the  following 
equipment:  the  hopper  from  which 
the  unhardened  parts  are  fed  into 


Cas«-hcirdening  of  chromium-molybde¬ 
num  steel  bearing  pins  with  a  5-Mc  r-i 
generator.  Inset  at  right  is  a  micro¬ 
photo  oi  the  hardened  surface.  The 
white  portion  is  the  outside  com  which 
has  a  thickness  oi  0.025  in. 

i  the  glass  tube;  the  heating  coil;  a 
I  Megatherm  induction  unit  manu- 
I  factured  by  the  Federal  Tel.  and 
I  Radio  Corp. ;  a  connection  provid- 
j  ing  a  continuous  flow  of  water  for 
I  quenching,  and  a  work  table  with 
!  suitable  containers  for  hardened 
I  pins  as  ejected  from  the  heating 
I  fixture. 

I  The  coil  used  in  this  bearing  pin 
application  contains  five  turns  of 
small  copper  tubing  wound  in  a  sin¬ 
gle  layer  approximately  1-in.  long 
j  by  l-in.  in  diameter.  The  coil  is 
j  grounded  and  does  not  carry  high 
!  voltage.  It  is  exposed  to  continuous 
i  wetting  by  the  water  used  for 
I  quenching. 

!  The  metal  was  chromium  molyb- 
I  denum  steel  NE-9442  and  the  sur- 
I  face  hardness  developed  was  Rock- 
j  well  C  60 — about  file-hardness.  The 
j  pins  were  finish  ground  prior  to 
\  heat  treating,  and,  after  the  hard- 
I  ening  process,  there  was  no  scale  or 
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ELCO  WOULD  CONTINUE 


to  produce  and  deliver  promptly 

PRECISION  fiffHinfC  RESISTORS! 


ELCO,  too,  awaits  the  go-ahead  sig¬ 
nal  to  start  producing  those  ''battle- 
tested"  resistors  for  America's  new 
Qectronic  industries.  - 


Whatever  the  application — no  mat¬ 
ter  how  exacting  the  specifications 
— ELCO  will  deliver  resistors  as  you 
want  them — ^when  you  want  them. 


FOR  TODAY’S  WAR  REQUIREMENTS - 
FOR  TOMORROW’S  PEACE  NEEDS- 

specify  tLCO  t 


SPECnnCATIONS: 


"A-l**— 15/32  long  x  Vi"  dla. — Mountobl*  with 
6-32  flat  C€  filMtor  scrow.  No.  21  tinnod 
coppoT  wiro  loads.  1  to  300,000  ohm 
▼aluo — stondord  aocurocy — non  in- 
ductivo  pio  wound — Vj  watt.  30°  C.  tom- 
poraturo  riso  in  boo  ab — 100*  C.  maxi¬ 
mum  oporatinq  tomporaturo— 200  D.  C. 
maximum  oporatinq  voltoqo.  Bakod  var¬ 
nish  finish. 

"A-R"— Same  os  A-1,  with  loads  rovorsod. 

"B-l"— 15/16  lonq  x  '/j*  <Ra- — Mountoblo  with 
6-32  flat  or  iilostor  scrow.  No.  21  tinnod 
coppor  wbo  loads.  1  to  500.000  ohm 
▼cuuo — */:%  standard  accuracy — non  in- 
ductivo  pio  wound — 1  watt.  30*  C.  tom¬ 
poraturo  riso  in  boo  ab — 100*  C.  maxi- 
mum  oporatinq  tomporaturo — 300  D.  C 
maximum  oporatinq  voltaqo.  Bakod  var¬ 
nish  finish. 

"B-R"—  Same  as  B-l.  with  loads  rovorsod. 


M‘h 


'T*'— 1-1/32  lonq  x  7/16"  dia. — Inductivoly 
wound — Vr  X  .015  strop  torminals — 35  to 
35,000  ohms — 2  watts.  100*  C.  maximum 
oporatinq  tomporatxuo — normal  accuracy 
1%.  Bakod  varnish  finish. 

’'M''— 1-13/32  loi»q  x  V.”  dia. — Mountoblo  with 
6-32  scrow— Vs  x  .015  thick  strap  torminals 
— non  inductivo  wound — 1  moq  ohm  max¬ 
imum  rosistanco — 600  volts  maximum  op- 
eratinq  voltoqo — 100*  C.  maximum  opor¬ 
atinq  tomporaturo— 1.5  watts — 1%' normal 
accuracy  Bakod  varnish  finish. 

"C"— 15/32  lonq  x  Vj"  dia. — Mountoblo  with 
6-32  flat  or  filostor  hood  scrow.  No.  21 
tinnod  coppor  wbo  loads.  1  to  500,000 
ohm  valuo.  V^%  standard  accurocy — 
non  inductivo  pio  wound  .8  watts.  30* 
tomporaturo  riso  in  boo  ob.  100*  C.  max¬ 
imum  oporatinq  tomporaturo.  200  D.  C. 
maximum  oporatinq  voltoqo.  Bakod  var¬ 
nish  finish. 


Rl  SI  STORSj^  COMPANY 


114  West  18th  Street.  New  York.  N.  Y. 


Telephone  •  Watkins  9*47744 
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warpage.  This  was  due  to  high  speed 
of  the  process  which  makes  possible 
the  surface  hardening  of  parts  after 
finish  grinding.  This  eliminates 
much  costly  finishing  which  hereto¬ 
fore  has  been  required  on  hardened 
steel  parts  because  of  sealing  and 
distortion.  — 

Depth  of  Treatment 

The  microphoto  insert  in  the  il¬ 
lustration  shows  a  highly  magnified 
view  of  the  hardened  surface  as  de¬ 
veloped  on  the  bearing  pin.  The 
white  portion  is  that  of  the  hard¬ 
ened  outside  case,  and  it  will  be  ob¬ 
served  that  it  extends  a  distance  of 
25  thousandths  of  an  inch  beneath 
the  surface.  Of  this  25  thousandths, 
there  is  no  visible  change  in  the 
structure  or  depth  of  approximately 
15  thousandths  of  an  inch.  From 
.this  depth  in,  there  is  a  slight 
change  in  the  apparent  structure 
in  the  material,  but  there  was  no 
measureable  loss  of  hardness  inso¬ 
far  as  was  determined  with  a  care¬ 
fully  conducted  superficial  Rockwell 
test.  The  dark  portion  is  that  of  the 
unaffected  core  material.  At  no 
point  in  the  transition  zone  from 
fully  hardened  case  to  the  dark  un¬ 
affected  core  material  was  there 
any  evidence  of  softening  or  tem¬ 
pering  of  this  adjacent  internal 
layer. 

The  bearing  pin  application  is 
only  one  of  a  family  which  includes 
a  wide  range  of  shafts,  bearings, 
round  and  flat  surfaces,  zones, 
spots,  cam  surfaces,  gear  teeth, 
lever  ends  and  other  common  ma¬ 
chine  tool  parts.  The  method  has 
been  applied  to  pieces  as  small  as 
h  in.  in  diameter  and  to  bearing 
surfaces  up  to  6  in.  in  diameter. 
Cost  of  operation  depends  on  the 
size  of  the  r-f  unit,  with  a  25-kw 
oscillator,  it  is  about  50  cents  per 
hour. 


Add  Another  Star  to 


PtODUCED  BY  STATION  WOW,  OMAHA,  FOB 
THE  UNION  PAOHC  RAILROAD  ON  NBC  NET¬ 
WORK  SATURDAYS  AT  4  P.  M.  (CWTI 


A  WOW  control  operator  ihuvrn 
at  Oatei  Vontole  tcMle  airinp 
"Your  America"  thnw. 


“Behind  the  scenes,”  WOW’s  Gates  Console  is 
giving  an  all-star  performance.  The  Model  30 
is  designed  with  true  showmanship  in  appear¬ 
ance  .  .  .  engineered  for  efficiency  that  is  paying 
off  during  these  days  when  “the  show  must  go 
on” — or  else!  The  remarkable  performance  rec¬ 
ords  these  Gates  Consoles  are  providing  more 
than  six-score  stations,  are  convincing  evidence 
that  Gates  studio  equipment  is  engineered  for 
dependability  you  get  today  and  will  want  to¬ 
morrow. 

Wartime  restrictions  do  not  allow  the  sale  of  new  broadcasti 
ment  without  priority.  This  equipment  is  presented  merely  tc 
you  with  Gates  developments.  (May  toe  send  you  details  regc 


Handy  Gage  for  '  % 

Vibration  Testing 

By  F.  R.  Jessop 

Examiner  1/G  Type  Tests 
Inspection  Board  of  United  Kingdom  and 
Canada 

Northern  Electric  Co.,  Ltd. 

Montreal,  Que. 

Because  electronic  equipment 
for  the  armed  forces  must  perform 
under  the  severest  operating  condi¬ 
tions,  all  production  is  subjected  to 
vibration  testing.  The  device  to  be 
described  has  proven  very  useful 


MAMVFACTUEEBS  OF  RADIO  BROADCAST  TRANSMITTERS.  SPEECH  EQUIPMENT 
RECORDING  APPARATUS  AND  ALUED  EQUIPMENT  IN  THE  ELECTRONICS  FIELD 
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Each  field  of  electronic  design  con  fill  its  needs  for  correct  vacuum 
tube  receptacles  with  National  Fabricated  Sockets  ...  To  meet 
the  demand  for  the  ever-increasing  variety  of  sockets  covering 
all  frequency  applications,  insulations  are  available  ranging 
from  paper  base  laminated  phenolic  sheet  to  mica-filled 
molded  plastics  and  low-loss  ceramics  .  .  .  Contact  alloys 
of  special  steels,  brasses,  phosphor  bronze,  silica  bronze 
and  beryllium  copper  are  employed  —  utilizing  on  assort¬ 
ment  of  mechanical  contact  designs  to  fill  all  wiring  re¬ 
quirements  and  provide  dependable  long-life  electricol 
r\  performance. 


FABRICATED  PRODUCTS 


2650  WEST  BELDEN  AVENUE.  CHICAGO  47.  ILL 


TERMINAL  ASSEMBLIES,  JACKS  and  CONNECTORS  for  uto  in  •rery  Bold  of  olectronicn. 


Manufacturers  of  SOCKETS, 
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RiaiARDSON 


HUti.  Ot  N. 


for  determining  the  direction  of 
maximum  displacement  and  to  ac¬ 
curately  measure  that  displacement 
to  0.006  in.  It  is  especially  useful 
when  it  is  necessary  to  take  meas¬ 
urements  at  various  points  on 
equipment  when  studying  the  effect 
of.  shock  mounts. 

The  device  consists  of  a  small 
disc  riveted  at  one  end  of  a  rectanji:- 
ular  card  as  shown  at  (a)  in  the  il¬ 
lustration.  Both  the  disc  and  the 
rectangular  piece  may  be  made  of 
stiff  fiber,  plastic  or  metal.  The  as¬ 
sembly  is  secured  to  the  apparatus 
under  test  by  means  of  scotch  tape 
or  other  adhesive. 

On  the  disc  is  drawn,  slightly  to 
one  side  of  the  center,  a  capital  let¬ 
ter  I.  This  is  made  equal  in  height 
to  the  extreme  displacement  to  be 
measured  during  the  test.  When 
used  in  conjunction  with  a  Stro- 
botac,  this  letter  indicates  the  di- 


Gcage  at  Rest 


The  ability  of  Laminated 
INSUROK  to  meet  structural 
strength  requirements  has  startled 
many  a  skeptical  engineer.  And 
Formed  Laminated  INSUROK,  re¬ 
cently  introduced  for  military  use, 
acquires  even  greater  strength  char¬ 
acteristics,  solves  many  product  and 
design  problems  for  which  ordi¬ 
nary  laminates  prove  inadequate. 

If  your  product  or  the  one  you 
are  developing  can  be  improved  by 
the  use  of  plastics  with  high  struc¬ 
tural  strength,  let  a  Richardson 
Plastician  help  you.  Or,  if  resistance 
to  chemicals,  dielectric  qualities,  or 
moisture  resistance  is  required,  let 
him  suggest  the  correct  type  and 
grade  to  meet  your  individual  re¬ 
quirements.  His  years  of  experience 
may  save  you  time  and  money.  Write 
for  complete  information. 


Gage  for  reading  displacement  ol 
vibrating  equipment  and  components. 
Made  oi  fiber  or  plastic,  it  measures 
displacements  from  0.005  to  0.3  in. 


rection  of  maximum  displacement. 
This  is  indicated  when  the  two 
serifs  of  the  letter  7  (made  visible 
when  the  Strobotac  is  set  at  double 
the  frequency  of  vibration)  are 
farthest  apart.  The  direction  is 
that  of  the  upright  portion  of  the 
letter,  as  shown  at  (6)  of  the  fig¬ 
ure  where  the  vibration  is  purely 
vertical. 

In  cases  where  the  vibration  is 
not  purely  in  one  direction,  the  up¬ 
right  will  be  double  lines,  but  in  the 
direction  of  maximum  displace¬ 
ment,  these  lines  will  be  closest  to¬ 
gether. 

The  small  dot  on  the  device  is 
used  to  determine  the  frequency  of 
vibration, 


Lammated  INSUROK  has  won  the 
preference  of  many  designers  because 
of  its  favorable  weight  to  strength 
ratio.  Molded  INSUROK  is  often 
preferred  because  of  the  mtrtcate 
shapes  which  can  be  produced  in  one 
molding  operation — eliminating  as¬ 
sembly  and  manufacturingoperations. 


This  is  obtained  from 
the  dial  of  the  Strobotac  when  it  is 
adjusted  so  that  the  dot  is  station¬ 
ary.  It  is  also  useful  to  study  the 


October  1944  —  ELECTRONICS 


ELECTRf 


1 


The  wires  and  cables  you  incorporate  in  your  products 
must  be  every  bit  as  dependable  as  the  components  you 
produce  yourself.  To  back  up  our  fighters  today,  and 
to  back  up  your  trade-mark  in  the  peacetime  battle  of 
•tomorrow,  you  can  count  on  Roebling  Electrical  Wires 
and  Cables.  The  conductors  are  drawn  and  stranded 
and  laid  with  all  the  skill  of  years  of  wire  specialization, 
Metal  selection,  insulation,  finish  are  supervised  with 
highest  integrity. 

You  can  put  your  trade-mark,  without  hesitation,  on 
any  electrical  product  you  make  in  which  Roebling  Wires 
or  Cables  carry  the  loads. 


JOHN  A.  ROEBLINGS  SONS  COMPANY 

TRENTON  2,  NEW  JERSEY 
trancJiM  ond  Wofhovmi  in  Principal  Citiai 


ROEBLEL4G 


PACEMAKER  IN 
WIRE  PRODUCTS 
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CRYSTAL  RESEARCH  LABORATORIES 


TWENTY-NINE  ALLYN  STREET,  HARTFORD,  CONNECTICUT 


movement  of  the  equipment  while 
being  vibrated  when  the  Strobotac 
is  adjusted  so  that  the  dot  traces 
the  exact  path  of  a  vibration  cycle. 


Displacement  Seale 


The  device  also  contains  a  draw¬ 
ing  of  an  isosceles  triangle  with 
sides  2i  in.  long  onTa  i-in.  base. 
This  contains  graduations  1/20  in. 
apart  on  one  side  to  provide  dis¬ 
placement  readings  in  which  each 
small  division  is  0.01  in. 

When  this  printed  angle  is  ob¬ 
served  with  the  Strobotac  set  at 
twice  the  frequency  of  vibration, 
two  complete  angles  will  be  seen  as 
shown  at  (6)  of  the  drawing.  The 
reading  is  made  at  the  point  of  in¬ 
tersection  of  one  graduated  line 
with  one  plain  line.  To  read  maxi¬ 
mum  displacement,  it  is  necessary 
to  mount  the  gage  at  right  angles 
to  the  direction  of  this  displace¬ 
ment  as  obtained  by  the  rotating 
disc. 

From  the  frequency  reading  ob¬ 
tained  with  the  dot  and  the  dis¬ 
placement  reading  provided  by  the 
angle,  it  is  possible  to  calculate  the 
acceleration  G  from  the  formula  G 
=  0.0511  df*,  where  d  is  the  total 
displacement  in  inches  and  /  the 
frequency  of  vibration  in  cycles  per 
second. 

If  the  frequency  of  vibration  is 
known,  satisfactory  readings  can 
be  made  with  the  unaided  eye,  as 
the  I  on  the  disc  gives  a  blurred  ef¬ 
fect  which  is  readily  observed  and 
read  in  the  same  manner  as  with 
the  Strobotac.  The  angle  is  also 
blurred  and  the  reading  is  taken 
where  the  two  blurred  lines  meet. 
When  this  method  is  used,  observa¬ 
tions  of  the  exact  displacement  can 
be  obtained  even  where  it  is  impos¬ 
sible  for  the  observer  or  instru¬ 
ments  to  be  in  a  steady  state,  as  all 
readings  depend  only  on  the  speed 
of  light  for  their  accuracy. 

While  no  attempt  has  been  made 
to  do  so,  it  is  believed  that  read¬ 
ings  of  much  smaller  displacements 
could  be  made  by  reducing  the  di¬ 
mensions  of  the  angle  by  photo¬ 
graphic  means  and  observing  the 
readings  by  optical  methods. 


’Left  call  in  Ct^talab 


FOR  THE  ANSWER  to  many  communications  problems,  whether  they 
involve  crystals  or  not,  more  and  more  manufacturers  have  formed  the 
Habit  of  calling  in  Crystalab. 

In  the  supply  of  crystals  to  rigid  specifications  and  in  their  application 
to  problems  of  frequency  control,  Crystalab  has  been  privileged  to  serve 
the  industry  and  the  armed  services  many  times.  Government  procurement 
specifications  serve  as  the  standard  for  all  of  industry  and  have  been  met 
by  Crystalab  from  the  beginning  of  the  demand  for  crystals  in  quantity. 


This  was  possible  only  for  these  reasons: 

1  Crystalab  engineers  brought  to  the  industry,  long  experience  in 
the  solution  of  electronic  and  communications  problems. 

2  Crystalab  testing  equipment  includes  the  finest  instruments 
money  can  buy,  plus  many  special  instruments  designed  and 
built  in  the  laboratory,  to  meet  specialized  needs. 

3  Crystalab  manufacturing  equipment,  most  of  it  specially  de¬ 
signed  and  built,  is  capable  of  producing  crystals  in  any  quantity, 
within  the  narrowest  frequency  tolerances. 


Crystalab  facilities  are  at  your  service,  ready  to  help  with  your  current 
or  postwar -planning  problems.  If  experienced  help  in  electronic  research, 
design  and  manufacture  is  your  need,  you  will  do  well  to  .  .  . 


Copyright  1944  try  Cryttal  Hetemrch  Labormtorios,  Inc. 


ALMOST  200,000  persons  have 
been  trained  in  radio  occupations 
since  July,  19^0  under  the  voca¬ 
tional  training  for  war  production 
program. 
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IT  WILL  SOON 
BE  ANOTHER  DAY 


USE  A  MANUFACTURER’S 
MANUFACTURER . 

Qtmthaci —  (9#m  !(,•' 

Lewyt'a  buMnw  is  Contract  Manu* 
factorinK.  We  specialize  in  electric 
smd  electronic  instruments,  chassis 
and  housings;  mechanical  and  dec- 
trical  assemblies;  highest  predaion 
machine  work;  sheet  metal  fabrica- 
tions;  all  types  of  welding,  product 
finishing,  etc. 

We  also  provide  advanced  engi¬ 
neering  facilities  as  service  assiatance 
to  our  clients  in  connection  with  the 
design  and  re-design  of  their  prod¬ 
ucts  under  development. 

Write  on  your  business  stationery 
for  48-page  book,  ’’Let  Lewyt  Do 
It” ...  the  story  of  the  Lewyt  Organ- 
iation  told  in  pictures. 


The  lush  days  of  “CJost  Plus”  that  have  placed  so  little  emphasis  on  pro¬ 
duction  economy  will  disappear  when  “C-Day”  arrives.  Conversion 
to  civilian  goods  will  again  place  a  premium  on  efficiency  that  springs  firom 
a  cost  “know-how.”  But  cost-sensitive  production  comes  only  of  long  experi¬ 
ence.  It  is  not  bom  of  wartime ; . .  it  is  a  stranger  to  war  production. 

Peace-time  manufacture  survives  only  as  it  demonstrates  the  principles 
of  profit-and-lo»'3  accounting.  There  is  no  room  for  carelessness,  or  laxity, 
or  indifference  to  costs. 

Lewyt  is  not  a  war  baby.  Lewyt  is  a  “manufacturer’s  manufacturer”  with 
56  years  of  cost-conscious  “know-how”.  It  returns  to  peace-time  contract 
manufacturing  with  long  experience  in  meeting  the  needs  of  production 
engineers  who  will  have  only  costs  and  efficiency  in  mind. 

LEWYT  CORPORATION  •  62  BROADWAY,  BROOKLYN  11,  NEW  YORK 

LET  LEWYT  fT 
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DEPT.  E-104.  COLIINGDAIE,  PA, 


SHALLCROSS  MFG.  CO. 


ENGINEERING  •  DESIGNING  •  MANUFACTURING 


Shftlleion  Pert«bl* 
KiloToltMton  in  typM 
up  to  30  KV  m  avail. 
abla  for  rapid  (Mivary. 


From  Kilovoltmeter  Multipliers  to  corona- 
protected  resistors,  Shallcross  offers  a  com¬ 
plete  line  of  measuring  and  test  equipment, 
as  well  as  many  components,  all  especially 
designed  for  the  high  voltages  now  coming 
into  more  general  use.  Much  of  this  equip¬ 
ment  cannot  yet  be  catedoged  completely. 
Much  more  is  especially  designed  to  meet 
customers'  specifications  based  on  the 
rapid  advancements  in  radar,  television, 
radio  transmitting,  dust  precipitators,  power 
transmission,  and  simileur  equipment. 

Bring  your  high-voltage  measurement 
problems  to  Shallcross! 


OTHER  SHALLCROSS 
PRODUCTS 

Writ*  for  literature  on 
any  type. 

Ayrton-Universal  Shunts 
Ratio  Arm  Boxes 
Secondary  Standard 
Resistors 

Multi-Resistance  Standards 
Megohm  Decade 
Standards 

Decade  Resistance  Boxes 
Decade  Potentiometers 
Heavy-Duty  Decade 
Standards 
Megohmmeters 
Megohm  Bridges 
Percent  Limit  Bridges 
Decibel  Meters 
Telephone  Transmission 
Testing  Equipment 
Wheatstone  Bridges 
Fault-Location  Bridges 
Kelvin- Wheatstone 
Bridges 

High-Voltage  Measuring 
Apparatus 

Low-Resistance  Test  Sets 
Kilovoltmeter  Multipliers 
Rotary  Selector  Switches 
Accurate  Fixed 
Wire-Wound  Resistors 
Attenuation  Pads 
Logarithmic  Decade  Boxes 
Portable  Galvanometers 


Shallcross 


lt^M-V0LTA6t 

Test  &  Measuring 

EQUIPMENT 


Vibration 

Analyzer 


(Continued  from  page  99) 


the  operation  of  the  analyzer,  a 
study  should  be  made  of  the  bli  ck 
dfayram  shown  in  FIk.  2.  The  elec¬ 
trical  output  of  a  pickup  attached 
at  some  point  on  the  engine  or  air¬ 
plane  is  a  function  of  the  vibration 
at  that  point.  When  a  signal  from 
the  pickup  passes  through  the  ana¬ 
lyzer  circuit,  one  frequency  com¬ 
ponent  out  of  the  complex  wave  isi 
rectified  and  moves  the  pen  of  the 
recording  instrument  in  a  vertical 
direction  by  an  amount  proportional 
to  the  amplitude  of  the  frequency 
component. 

The  output  of  an  electrical  tach¬ 
ometer,  which  is  coupled  to  the  en¬ 
gine,  is  proportional  in  frequency 
and  voltage  amplitude  to  the  engine 
speed.  After  the  output  of  the  tach¬ 
ometer  is  amplified  and  rectified  it 
is  caused  to  control  the  motion  of 
the  recorder  pen  so  that  it  takes  a 
specific  position  in  the  horizontal 
direction  related  to  engine  speed. 
Therefore,  each  curve  drawn  on  the 
chart  denotes  the  amplitude  of  vi¬ 
bration  for  one  particular  order  of 
frequency  as  the  engine  speed  var¬ 
ies  over  the  entire  range. 

In  view  of  the  fact  that  the  out¬ 
put  of  the  pickup  includes  compo¬ 
nents  at  a  number  of  different  fre¬ 
quencies,  it  is  necessary  to  provide 
a  method  of  selecting  some  particu¬ 
lar  component  and  .  allowing  only 
this  one  to  control  the  action  of  the 
recorder  pen.  To  accomplish  this 
selection  the  output  of  the  pickup 
is  modulated  by  the  output  of  an 
oscillator.  The  frequency  of  this 
oscillator  is  made  to  differ  from 
that  of  the  narrow-band  filter  by  an 
amount  equal  to  the  component 
which  it  is  desired  to  measure.  The 
oscillator  frequency  is  controlled  by 
engine  speed  as  indicated  in  Fig.  2. 

To  control  the  frequency  of  the 
modulating  oscillator,  a  tuning  ca¬ 
pacitor  is  used  which  is  operated 
by  an  electric  motor.  Simulta¬ 
neously,  this  motor  drives  a  potenti¬ 
ometer  in  a  bridge  circuit  and  for 
each  setting  of  the  capacitor  there 
is  a  corresponding  setting  of 
the  potentiometer.  When  this 
bridge  circuit  is  in  balance,  no 
driving  voltage  is  applied  to  the 
motor.  However,  when  the  poten¬ 
tiometer  setting  is  one  that  does 
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Meter  "  Jeb  Ancdysis' 


presides  smeeth,  cempoct  pewer 


Experience  proves  that  by  advance  considera¬ 

tion  to  such  operating  factors  as  torque,  load  cycles, 
starting  load,  reversibility,  acceleration,  quietness 
.  .  .  then  building  a  motor  that  meets  the  exact  per¬ 
formance  conditions  .  .  .  machines  operate  more  effi¬ 
ciently  and  economically  with  less  maintenance. 

Since  standard  off-the-shelf  motors  cannot  meet  all 
performance  requirements,  the  solution  is  a  special 


motor  .  .  .  designed  and  built  by  Holtzer-Cabot. 

For  over  50  years  Holtzer-Cabot  has  concentrated  its 
energies  in  designing  and  building  special  motors  to 
meet  special  operating  conditions. 

Today,  our  plant  facilities  are  being  utilized  for 
manufacturing  special  fractional  H.P.  motors  for  w'ar 
products,  but  our  motor  development  engineers  will 
gladly  discuss  your  post-war  fractional  H.P.  motor 
problems  and  requirements  with  you. 


SPICIAL  MOTORS  DISIGNID  TO  FIT  THI  APPLICATION 

I^HOLTZER-CABOT 


DWition  of  Firit  Industrial  Corporation 


O^dpiMrs  and  Buikhn  of  Spo<kd  fractional  HP  Motors  and  Boctrkal  Apporotui 
12S  AMORY  STRICT,  ROSTON  19,  MASS.  •  NSW  YORK,  N.  Y.  •  CHICAGO,  ILL.  •  PHILAOILPHIA,  PA. 
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But  for  the  really  precise  and  delicate  calibrations 
required  in  the  Radio  and  Electronics  Fields,  instru¬ 
ments  that  guarantee  amazing  precision  must  be 
brought  into  play.  For  many  years, 

MONARCH 

MEASURING -TESTING -CALIBRATING  EQUIPMENT 

has  been  considered  outstanding  in  helping  to  produce 
and  maintain  the  high  standards  of  operation  required 
for  both  war  and  peace. 

When  the  requirements  of  war  ore  satisfied  to  the  degree  that 
we  con  produce  for  peace  ...  we  will  be  ready  with  new 
ideas  and  new  products  to  meet  every  accumulated  need. 


not  balance  the  bridge,  then  the 
motor  will  be  driven  in  such  a  di> 
rection  as  to  bring  about  a  balance. 

The  potentiometer  setting  at 
which  the  bridge  is  balanced  is 
different  for  each  applied  voltage 
and,  as  a  result  of  the  action  of 
the  motor  when  the  bridge  is  un¬ 
balanced,  both  the  ^tentiometer 
and  tuning  capacitor  tend  to  be 
held  at  a  position  that  corresponds 
to  the  voltage  applied  to  the  bridge 
circuit  The  voltage  applied  to  the 
circuit  is  the  rectified  tachometer 
voltage  attenuated  by  a  divider 
with  28  fixed  positions.  At  each  po¬ 
sition  the  divider  applies  to  the 
bridge  circuit  a  voltage  proportional 
to  the  engine  speed  multiplied  by 
the  selected  order,  and  thus  the  K  th- 
armonic  of  the  motor  speed. 

The  design  of  the  circuit  is  such 
that  the  oscillator  has  a  frequency 
of  (92,000  -f  /),  where  f  is  equal  to 
the  particular  frequency  component 
to  be  measured.  This  convenient  re¬ 
lation  is  attained  by  designing  the 
circuit  and  tuning  capacitor  so  that 
the  capacitor  setting  is  made  pro¬ 
portional  to  the  voltage  applied  to 
the  bridge  circuit ;  as  pointed  out  in 
the  preceding  paragraph,  this  volt¬ 
age  is  proportional  to  motor  speed 
multiplied  by  the  pre-selected  order, 
which  in  turn  is  proportional  to  the 
frequency  to  be  checked. 

The  frequency  f  from  the  ampli¬ 
fied  output  of  the  pickup  modulates 
the  frequency  (92,000  -f-  /)  from 
the  oscillator  in  the  modulator  cir¬ 
cuit  arranged  to  balance  out  the  os¬ 
cillator  frequency.  Thus,  the  two 
chief  components  in  the  modulator 
output  are  the  sum  and  difference 
frequencies. 

The  output  of  the  modulator  is 
connected  to  a  crystal-type  filter 
which  has  a  pass  band  at  92,000  cps 
that  is  only  4  cycles  wide.  By  means 
of  this  filter  the  92,000-cps  side 
band  is  readily  passed  while  the 
other  side  band  is  rejected.  This 
signal  is  then  mixed  in  the  demodu¬ 
lator  circuit  with  the  output 
of  the  same  oscillator,  with  the 
chief  components  of  this  second 
modulation  being  the  carrier  fre¬ 
quency  and  the  upper  and  lower 
side  bands.  The  high  frequencies 
are  easily  rejected  and  after  the 
frequency  /  is  rectified  it  is  passed 
to  the  recorder  to  control  the  posi¬ 
tion  of  the  pen. 

The  main  elements  comprising 
the  automatic  frequency  analyier 
are  a  tachometer,  small  control  box, 
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KEY  to  the  successful  development 
of  PLASTIC  products 


The  Ever-Lok  Cord  Connecfflk  with 
its  metal  collar  precision  molded- ir^has 
the  strength  and  perfect  fit  neces^am 
to  meet  the  stringent  requirements  of 
industrial  power  systems. 


absorbing  this  expansion  and  con¬ 
traction  without  cracking.  In  addition, 
it  must  possess  all  the  properties  re¬ 
quired  of  the  finished  product  such  as 


This  technique  was  selected  because  it 
permits  speedier  molding  and  insures 
accurate  placement  of  inserts. 

Durez  technicians  and  service  engineers 
have  played  a  big  part  in  many  of 
the  new  developments  to  date.  This 
wide  experience  equips  them  to  be  of 
valuable  aid.  They  will  be  glad  to  give 
their  assistance  at  any  time  in  helping 
your  pro'duct  designer  and  custom 
molder  work  out  any  plastics  materials 
problem.  Durez  Plastics  &  Chemicals 
Inc.,  810  Walck  Road,  N.  Tonawanda, 
New  York. 


To  the  designer  and  manufacturer  of 
electrical  products,  this  case  history 
is  of  unusual  interest  because  it  serves 
as  an  ideal  illustration  of  the  basic 
formula  that  is  the  key  to  the  suc¬ 
cessful  development  of  all  plastic  pro¬ 
ducts.  Essentially  this  formula  consists 
of  (1)  proper  design,  (2)  a  plastic  that 
fits  the  job,  and  (3)  custom  molding. 
As  one  step  in  the  development  of  the 
cord  connector,  this  mold  design  was 
worked  out  (see  diagram). 

The  groove  (A)  in  collar  (B)  is  ex¬ 
tended  into  the  plastic  body  (C)  to 
form  a  funnel  shaped  groove  for  lock¬ 
ing  and  balanced  support  of  the  plug. 
Holes  (D)  for  assembling  interior  con¬ 
nections  are  molded  at  right  angles  to 
holes  (E).  Slight  indentations  are 
molded  to  mark  positive  and  negative 
terminals  (F).  White  enamel  wipe-ins 
leave  clean,  sharp  marks  to  identify 
terminals.  Holes  (G)  are  placed  for 
screws  which  hold  the  connector  in 
its  shell.  Rib  (H)  holds  the  connector 
in  correct  position  in  the  shell. 

The  correct  choice  of  molding  ma¬ 
terial  presented  an  unusual  problem 
because  a  molded-in  metal  collar  under¬ 
goes  a  certain  amount  of  expansion 
in  the  molding  process  and  contrac¬ 
tion  upon  cooling.  So  the  plastics 
compound  used  must  be  capable  of 
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dielectric  strength,  resistance  to  iW 
pact,  moisture,  and  heat.  •  ^ 

From  among  the  more  than  300  ver¬ 
satile  Durez  molding  compounds  was 
selected  a  phenolic  base  material  that 
met  every  requirement. 

In  molding  this  cord  connector,  the 
custom  molder  (American  Insulator 
Corporation)  used  the  transfer  method 
—  a  process  whereby  the  phenolic 
compound  is  subjected  to  heat  and 
pressure  and  then  forced  into  the  mold¬ 
ing  cavity  where  it  is  shaped  and  cured. 
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100  ^  Kilocycle 

Crystal  Unit 


Another'^T^^trom  the  Research 
Laboratories  of  Scientific  Radio 

Latest  development  of  our  research  engineers  is  the  new 
and  greatly  improved  100  kilocycle  crystal  unit  illustrated 
above. 

This  unit.  Type  SR3,  consists  of  a  100  kilocycle  bar,  cut 
and  ground  to  jewehlike  precision  to  give  a  temperature 
coefficient  of  less  than  two  parts  per  megacycle  per  degree 
centigrade.  Metallized  by  a  new  process  the  crystal  is  rig¬ 
idly  clamped  in  a  new  type  mounting  that  gives  a  new 
order  of  stability  to  the  whole  assembly.  Designed  for 
mounting  in  a  standard  five  prong  tube  socket,  these  units 
are  available  for  immediate  shipment.  Write  today  for 
prices  and  full  particulars. 


analyzer  unit  with  the  tuning  ca¬ 
pacitor  drive  attached  to  it  and  the 
recorder.  Additional  equipment  re¬ 
quired  includes  the  necessary 
power-supply  units  and  amplifiers 
for  the  capacitor  drive  unit  and  re¬ 
corder. 

Method  of  Uso 

During  a  test  flight,  the  control 
unit  and  recorder  are  the  only  parts 
of  the  equipment  that  require  at¬ 
tention.  On  the  panel  of  the  control 
unit  are  two  meters,  one  of  which 
registers  the  amplitude  of  the  meas¬ 
ured  signal  while  the  other  indi¬ 
cates  the  engine  speed.  Thus  an 
operator  may  immediately  observe 
any  abnormally  large  vibration  and 
the  speed  at  which  it  occurs  without 
reading  the  recorder.  The  panel  is 
also  provided  with  a  frequency  se¬ 
lector  with  which  the  order  to  be 
•  measured  is  selected.  Also,  to  per¬ 
mit  vibrations  of  very  large  ampli¬ 
tude  to  be  kept  within  the  range  of 
the  recorder  and  indicating  meter, 
an  attenuator  is  provided  in  the 
signal  input  circuit  of  the  analyzer. 
A  potentiometer  which  determines 
the  voltage  applied  to  the  control  de¬ 
vice  of  the  tuning  capacitor  during 
calibration,  and  four  controls  for 
calibrating  the  set,  are  also  pro¬ 
vided  on  the  panel. 

Results  obtained  by  the  use  of 
the  analyzer  are  being  utilized  by 
designers  of  aircraft  engines  in  the 
gradual  elimination  of  parts  fail¬ 
ures  caused  by  excessive  vibration. 
•  •  • 

PERSONAL  TRANSMITTER 


WRITE  FOR  NEW  BROCHURE 

Would  you  like  to  read  the  interesting  story  of 
the  development  of  the  American  crystal  indus¬ 
try?  Send  for  your  copy  of  our  new  brochure.  It’s 
as  interesting  as  a  tour  through  our  plant.  Yours 
for  the  ashing. 


738  W.  BROADWAY,  COUNCIL  BLUFFS,  I A 


MANUFACTURIKS  OF  SlIZO  illCTRIC  CRYSTALS  AND  ASSOCIATIO  IQUIRMtNT 


A  portcibl*  iTonMUNvr  Uk*  thoM  WM 
by  ualicAascd  op«roion  oad  sobetann 
iras  damonstiotad  by  Charles  WUaoa. 
FCC  equipsMal  enqfaseer.  before  the 
Lea  committee  Inveettgatfaig  the  FCC 
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PREVENT  CORROSION 
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•  Anaconda  Plastiseal  Coils  have  a  12-year 
record  of  outstanding  performance,  which 
has  now  been  highlighted  by  the  toughest 


sort  of  war  applications. 

These  coils  are  built  up  of  sealed  layers 


of  Lumarith*  (cellulose  acetate)  which  is 


chemically  inert  under  the  conditions  met 


within  the  coil.  No  paper,  wax,  varnish  or 


glue  is  present— nor  any  other  material  which 
might  permit  electrolysis  to  occur  and  cor¬ 
rode  the  winding.  The  edges  of  the  cellulose 


acetate  are  coalesced  by  a  special  process  with 
the  end  washers,  resulting  in  a  complete  seal. 


No  impregnation  whatever  is  needed. 


Even  in  the  presence  of  moisture  and  di 


rect  current,  Plastiseal  Coils  have  exceptional 


resistance  to  corrosion.  Appearance,  mechan 


ical  strength  and  insulating  qualities  are 


outstanding. 


The  enlarged  cross-section  above 
is  distorted  to  show  Plastiseal  con 


Plastiseal  Coils  are  one  of  the  many  fine 


engineered  products  of  Anaconda.  Any  of  our 
sales  offices  will  be  glad  to  refer  inquiries  to 
our  coil  engineering  staff.  «4zs8 

•R«C.  U.  S.  Pat.  Off. 


struaion.  Each  layer  of  wire  is  sep¬ 
arated  by  a  sheet  of  cellulose  ace¬ 
tate.  the  edges  of  which  are  fused 
to  the  end  washers.  This  protective 
construaioQ  effectively  prevents 


ANACONDA  WIRE  &  CABLE  COMPANY  ^  'll 

O  I 

GBNntAL  Officis;  25  Broadway,  New  York  4  Subsidktry  »f  Anaconda  Coppmr  Mimmt  Crmpamy 

CmCMaO  OFFld:  20  North  Wacker  Drive  6  •  Sates  Officas  in  Principal  Cities 
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TUBES  AT  WORK 


orange-red  fluorescent  powder  and 
the  other  with  blue-green,  fluores¬ 
cent  powder.  The  construction  of 
this  type  of  tube  is  shown  at  (a)  in 
Fig.  1.  Thus  the  screen  has  formed 
upon  its  front  face  an  image  con¬ 
taining  the  orange-rcd_^color  com¬ 
ponents  and  on  its  back  face  an 
image  containing  the  blue-green 
components,  these  images  are 
superimposed  to  give  a  color  pic¬ 
ture. 


N«w  Baird  Tub*  GItm  T*l«vision  in  Color . 

Routing  Cobs  by  Radio . 

Robot  Radio  Stations  Forecast  Weothor . 

Electronic  Operation  ol  a  Standard  Stop-Watch. . 
Substitute  lor  Car  Antenna  Checks  Capacitance. 

Skyhook  ior  Gibson  Girl . 

Light  and  Sound  Control  for  Television  Displays 


Three  Colors 


New  Baird  Tube  Gives  Television  in  Color 


Where  three  colors  are  to  be  used, 
the  back  screen  is  ridged  as  shown 
at  (b)  in  Fig.  1,  and  a  third  cath¬ 
ode-ray  beam  added ;  the  front  face 
of  the  screen  giving  the  red  com¬ 
ponent,  one  set  of  sides  of  the  back 
ridges  giving  the  green  compon¬ 
ents,  and  the  other  sides  of  the 
ridges  the  blue  component. 

A  two-sided  tube  has  been  devel¬ 
oped  that  produces  a  picture  from 
a  600-line,  triple-interlaced  moving- 
spot  transmitter  using  a  cathode- 
ray  tube  in  combination  with  a 
revolving  disc  with  orange-red  and 
blue-green  filters.  The  receiving 
cathode-ray  tube  is  shown  in  the 
diagram  of  Fig.  1  and  in  the  photo- 
with  fluorescent  powders  of  the  ap-  graph  of  Fig.  2.  The  screen  is  a 

propriate  colors.  For  example,  in  a  10-in.  diameter  disc  of  thin  mica 

two-color  system,  the  two  beams  coated  on  one  side  with  blue-green 

scan  the  opposite  sides  of  a  thin  fluorescent  powder  and  on  the  other 

plate  of  transparent  mica  one  side  with  orange-red  fluorescent  powder, 

of  which  has  been  coated  with  The  color  may  alternatively  be  pro- 


COUHt  AND  STEREOSCX)PIC  pictures 
that  appear  directly  upon  the 
screen  of  a  cathode  ray  tube  have 
been  announced  by  the  English  in¬ 
ventor,  John  L.  Baird.  The  system 
employes  a  new  tube  called  the 
Telechrome  which  differs  from  the 
conventional  black  and  white 
cathode-ray  tube  in  that  it  has  two 
Electron  beams  and  a  transpar¬ 
ent  double-sided  screen.  One 
cathode-ray  beam  produces  a  blue- 
green  picture  on  the  front  surface 
of  the  screen,  the  other  a  red 
picture  on  the  back  surface.  To 
the  viewer,  the  two  blend  to  form 
the  color  picture. 

For  stereoscopic  viewing,  colored 
glasses  are  used,  the  left  and  right 
eye  pictures  corresponding  to  the 
left  and  right  eye  images.  Stereo 
television  without  the  use  of  glasses 
has  been  demonstrated  by  Mr. 
Baird  but  has  not  been  made  prac¬ 
tical  as  yet. 

In  his  first  demonstration  of 
color  television,  revolving  discs 
were  used  for  scanning  and  also  to 
supply  the  color  component  In  a 
second  method,  scanning  was  ac¬ 
complished  electronically  and  a 
revolving  color  disc  was  used.  No 
moving  parts  were  employed  in  a 
third  system  where  images  pro¬ 
duced  side  by  side  on  the  face  of  the 
tube  were  colored  by  stationary 
color  filters  and  superimposed  by 
projection  upon  a  viewing  screen. 

The  new  system  is  entirely  elec¬ 
tronic,  the  colored  image  appearing 
directly  upon  the  fluorescent  screen. 
Two  cathode-ray  beams  are  re¬ 
quired  for  a  two-color  system  and 
'three  for  a  three-color  system.  The 
beams  are  modulated  by  the  incom¬ 
ing  signals  corresponding  to  the 
primary  color  picture  and  impinge 
upon  superimposed  screens  coated 
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FIG.  1  (a) — Arrangement  oi  phosphor 
coatingi  In  the  new  telerieion  tube  for 
a  two<olor  syetem.  (b)  A  ridged  back 
on  the  screen  provides  two  surfaces  on 
one  side  of  the  screen  for  a  three-color 
*  system 


FIG.  2 — Complete  receiver  for  color  and  stereoscopic  television  with  the  Telechrome, 
a  new  cathode-ray  tube  invented  by  John  L.  Baird,  noted  English  television  engineer 
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*  *  *  Let's  All  Back  The  Attack  —  Buy  EXTRA  War  Bonds  *  it  * 


Compact  *  Efficient 


Time-Tested 


The  efficienc)r  quality  and  practical  application  of 
Erie  Silver  Button  Mica  Condensers  has  been 
thoroughly  proven  since  1942. 

These  small  condensers  consist  essentially  of  a 
stack  of  silvered  mica  sheets  encased  in  a  silver 
plated  housing.  The  housing  forms  one  terminal,  the 
other  terminal  being  connected  fo  the  center  of  the 
stack,  thus  providing  the  shortest  possible  electrical 
path  througn  the  capacitor. 

Types  470  and  4700  have  comparatively  high 
capacity  ranges  and  their  compactness,  together  with 
the  wide  selection  of  terminal  mounting  designs,  for 
by-pass  applications,  makes  them  ideal  components 
for  V.  H.  F.  and  U.  H.  F.  applications,  where  short 
ribbon-type  leads  and  low  series  inductance  are 
prime  requisites. 

Capacity  ranges  and  electrical  characteristics 
are  shown  at  right. 

Samples  will  be  sent  to  interested  engineers 
on  request. 


CAPACITY  range: 

Typ*  470  A  —100  MMF  to  1000  MMF 
Typo  4700  A— 500  MMF  to  3000  MMF 
Typo  4700  C— 500  MMF  to  3000  MMF 
Typo  4700  G— 500  MMF  to  2000  MMF 
Typo  4700  H— 500  MMF  to  2000  MMF 


INITIAL  POWER  FACTOR: 

.12%  Maximum  @  1  Me.  and  %  25°  C. 

WORKING  voltage: 

500  Volts  DC 
350  Volts  AC 


TEST  VOLTAGE: 

1000  Volts  DC 


INITIAL  LEAKAGE  RESISTANCE: 

Groator  than  10,000  Megohms  @  25°  C. 


\  ERIE  RESISTOR  CORP.,  E 


% 


I 
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vided  for  the  back  screen  by  usin^ 
a  white  powder  and  coloring  the 
mica  itself. 

The  tube  shown  in  Fig.  1  (a) 
may  be  viewed  from  both  back  and 
front,  but  if  used  in  this  way  one 
group  of  viewers  sees  a  mirror  im¬ 
age,.  Colored  mica  must  not  be 
used,  and  a  filter  ir  inserted  be 
tween  the  back  viewers  and  the  tube 
to  keep  the  color  values  correct  and 
compensate  for  the  light  lost  in  the 
mica  and  fluorescent  powder  when 
the  direction  of  viewing  is  reversed. 

The  tube  shown  in  Fig.  2  can 
only  be  viewed  from  the  front,  but 
having  one  cathode-ray  beam  per¬ 
pendicular  to  the  screen  simplifies 
the  setup  of  the  apparatus.  The 
tubes  give  a  very  bright  picture 
due  to  the  absence  of  color  filters 
and  the  fact  that  special  powders 
are  used  giving  only  the  desired 
colors  which  are  seen  additively. 

The  tubes  give  excellent  stereo¬ 
scopic  television  images  when  used 


Are  Busy 

Operating  24  hrs.  per  day  in  the  most 
modern,  efficient  crystal  plant. 

Every  ckystah  finished  individually  to  exact 
frequency  mechanically,  completely  eliminat¬ 
ing  hand  work,  assuring  highest  uniformity 
and  quality. 

★ 

PETERSEM  RADIO  CO. 


Council  Bluffs,  Iowa 

CnrSTALS  EXCLUSIVBLY  SINCE  1934 


ENGINEERS:  Here's 
the  BIG  POINT  about 

AMPBRiTE 

REGULATORS 


John  L.  Baird  holds  his  now  double¬ 
beam  double-phosphor  coating  cathode- 
ray  tube 

with  a  stereoscopic  transmitter. 
The  blue-green  and  orange-red  im¬ 
ages  form  a  stereoscopic  pair  when 
viewed  through  colored  glasses. 

New  Form  of  Scannivg 

In  the  present  form  of  scanning, 
all  the  lines  in  successive  frames 
are  of  the  same  color,  the  color 
changing  with  each  successive 
frame.  In  the  new  form  of  scan¬ 
ning  now  being  developed,  succes¬ 
sive  lines  are  of  different  color  and 
the  number  of  lines  is  made  a  non¬ 
multiple  of  the  number  of  colors, 
so  that  every  line  of  the  complete 
color  picture  has  successively 
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^caiu’te^: 

1.  Amperites  cut  battery 
voltage  fluctuation  from 
approximately  50%  to  2%. 

2.  Hermetically  sealed  — 
not  affected  by  altitude, 
ambient  temperature, 
humidity. 

3.  Compact  .  .  .  light  .  .  . 
and  inexp>ensive. 

Used  by  U.S.  Army,  Navy, 
'  and  Air  Corps. 


LAY  RELAYS:  For  delays  from  I  to  100  seconds. 

i/feYmetically  sealed.  Unaffected  by  aifitude - Send  for  catalogue  sheet. 


NEW!  4-page  folder  will  help  you  solve  Current  and  Voltage  Problems,* 
ntoins  much  valuable  data  in  practical  form  —  Write  for  youjnropy  now^ 


r\MPERITE  CO.,  56  J  Broadway,  New  York  (17),  N.  Y. 

.  In  Canada:  Atlas  Fiadio  Corp.,  Ltd.,  560  King  St.,  W.  Toronto 


VOLTAGE  or  24V 
BATTERY  &  CHARGER 
VARIES  APPROX 


WITH  AMPERITE 
VOLTAGE  VARIES 
ONLY 


50?^ 
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Amperitf 
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Whitaker  workers  have  the  will  and  the  skill 
to  produce  wiring  assemblies  to  your  specifications 


The  girls  who  work  in  our  plemts  eire 
skilled  technicians — and  we  C€ui  prove 
it.  For  excunple,  the  picture  shown  above 
illustrates  one  of  the  many  complicated 
assemblies  being  turned  out  for  war 
needs  by  our  St.  Joseph  plemts.  The  job 
looks  difficult,  and  it  would  be  except 
for  the  fact  that  we  have  a  quarter  of  a 
century  of  experience. 


Investigate  and  you  will  find  that 
Whitaker  has  the  "know  how"  and 
ample  pl^Lnt  facilities  to  turn  out  cable 
assemblies,  wiring  harnesses,  and  flex¬ 
ible  leads  for  power  and  lighting  .  .  . 
Your  inquiries  are  solicited.  Whitaker 
Cable  Corporation,  1307  Burlington 

Ave.,  Kansas  City  16,  Mo _ St.  Joseph, 

Mo.  .  .  .  Philadelphia  .  .  .  Oakland. 


WHITAKER 


CabhSr  Wiring  Harnesses  and  Assemblies  for  Automotive,  Aircraft,  Marine  and  Radio  Equipment 
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THE  ELECTRIC  AUTO-LITE  COMPANY 

lt)LCIM>.  muD  c 


nmaiAse  okder 


S.  AH  Hvtr  tkiammtM  Mt  Made  «•  your  Mpoaubility.  w  retanit  Uw  t^t  I*  »md  rctwa.  at  yo 
tity  erdcfW. 

S.  TW  ri^t  te  nmrymi  to  esocii  tUaofdrr  U  mat  filWd  widdo  tlhw  ipocitid  harm. 

4.  io  riiiwid>rni»o  at  tlie  purdutc  ol  tW  abm-v  dacrftjH  orttdn.  SrHer  of*^  to  proMct  ood 

•oHoo.  and  to  Mbiidiary  or  adUuwd  oiaifuaica.  iu  or  Ihrir  — crew owv  raitoiacrm,  aad  tio  < 

•ah*,  at  law  or  ia  eqaity,  and  fftaa  damaih'*,  djiiaA,  drmaada  and  ladumcat*  Inr  actaol  or  ■dtgiJ  ii 
iMim  putcat  by  oarga  <d  tlw  tale  or  aar  «■(  tbr  ariiHra  brn'lnr  tnMvkMad. 


A  quarter  of  a  century  ago  Superior  Carbon  Prod¬ 
ucts  begem  operations  in  Poughkeepsie,  N.  Y.  as  the 
Superior  Graphite  Products  Company.  Our  "first 
customer"  was  The  Electric  Auto-Lite  Company  of 
Toledo  ...  It  is  a  pleasure  to  be  serving  Auto-Lite  still. 
We  like  to  think  that  perhaps  Superior  Carbon  Brush¬ 
es  have  contributed  something  to  the  excellence  of 
the  Electric  Auto-Lite  product. 

No,  we're  not  going  to  deliver  a  lecture  on  the  value 
of  quality  in  keeping  customers  on  one's  list.  Cer¬ 
tainly  we  will  exert  every  effort  to  maintain  the  qual¬ 
ity  of  Superior  Carbon  Brushes  .  .  .  Nor  on  the  im¬ 
portance  of  service  and  deliveries.  However,  we  prom¬ 
ise  you  our  utmost  in  this  respect  despite  the  present 
difficult  conditions  with  which  we  all  have  to  contend. 
We  will  endeavor  to  make  Superior  service  worthy 
of  a  place  in  every  customer's  pict\ire. 


SUPERIOR  CARBON  PRODUCTS.  INC. 

9115  GEORGE  AVENUE  •  CLEVELAND  8.  OHIO 


OMWirtHir 

it  -  Uth.  Arax. 

1,000,000 

Itotar  Inatea  •  Ibur  Ona*  U.t  -  la  Z«r  ear  B/f  HT-IT 

,  -  BMpplac  Spaoineatleaa  - 

Shlfaaata  to  Ito  aaao  la  aeeor4«iea  vita  aoBotala,  vatea 
all!  DO  lasvoa  to  oa  tao  lot  of  oaea  aoata  - 

>00,000  of  tao  abOTO  tnaatltj  to  bo  lollToroa  to 
vlii^ Corporation.  Boasacoopalo.  Bov  Toik  • 

800,000  of  tao  abOTo  qnantltT  to  oo  aollTorod  to 
■iXlpo  Oorporatlon,  Tolo4o,  Oaio  -  naat  Bo.B. 

shown  each  of  the  primary  colors. 

The  object  of  this  is  to  reduce 
color  flicker.  Where  frame  by 
frame  color  alteration  'is  used, 
flicker  becomes  prominent  in  any 
large  area  of  a  single  color,  for 
example,  if  the  picture  is  showing 
a  la^rge  blue  area,  this  blue  appear^ 
in  the  blue  frame  only.-  While  the 
red  and  green  frames  are  appear¬ 
ing,  it  is  not  shown,  so  that  the 
frequency  of  the  repetition  is  re¬ 
duced  and  flicker  accentuated. 
With  line  by  line  color  alteration, 
each  color  appears  in  every  frame. 
This  form  of  scanning  does  not 
lend  itself  to  the  revolving  disc 
system. 


Routing  Cabs  by  Radio 

A  PLAN  PROPOSED  by  Cab  Research 
Bureau,  Inc.,  representing  the  taxi 
industry,  and  the  Electronic  De¬ 
partment  of  General  Electric  Co., 
would  make  it  possible  to  establish 
contact  by  radio  with  any  cab  at 
any  place  in  Cleveland,  reduce 
cruising  mileage  and  eliminate  un¬ 
attended  call  boxes  connected  to 
telephone  lines.  If  approval  can  be 
obtained  from  the  FCC,  this  would 
be  the  first  two-way  taxicab  radio 
system  in  the  country. 

The  plan  calls  for  one  main 
transmitter  for  the  downtown  area 
and  two  others  to  cover  the  rest  of 
the  city.  Each  transmitter  would 
have  four  channels,  with  100  cabs 
assigned  to  each  channel. 

That  radio-equipped  cabs  might 
be  very  useful  in  emergencies  grow¬ 
ing  out  of  Are,  crime,  and  accidents 
was  pointed  out  by  D.  L.  Chesnut, 
G-E  commercial  engineer.  He 
pointed  out  that,  “the  taxicab  in¬ 
dustry  in  each  major  city  might 
draw  up  an  agreement  with  that 
city  permitting  the  police  depart¬ 
ment  to  commandeer  its  radio  cars 
and  its  headquarters  station  at  any 
time  that  a  major  public  disturb¬ 
ance  should  warrant.” 


Robot  Radio  Stations  Fore¬ 
cast  Weather 


Automatic  weather  stations  in 
secret  locations  from  the  arctic  to 
the  tropics  are  playing  a  major  role 
in  coordinating  allied  land,  sea  and 
air  attacks  with  favorable  weather. 
The  robot  weather  bureaus  were  de- 
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WARD  PRODUCTS  CORPORATION  to  keep  producing  more 
and  better  equipment  for  the  men  who  are  doing  the 
fighting.  While  yesterday  WARD  Antennas  were  acces¬ 
sories  for  pleasure,  today  they  are  implements  of  War. 


Vi  "The  Army-Navy  Production  Award 
for  outstan  ling  achievement  in  producing  vitally  im¬ 
portant  materials  essential  to  the  war  effort  will  be  an 
added  incentive  to  the  management  and  employees  of 
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THE  ELECTRIC  AUTO-LITE  COMPANY 

TOiciMi.  muD  0 


nmaiASE  omdck 


-  IhlpplBg  •paalflastltna  • 

•MfMata  to  k«  aM*  In  aMortLaao*  aitk  Mhatala, 
•111  aa  iaaoaa  ta  psu  as  tba  lat  of  aaoa  Boatk  - 
<00,000  of  too  abora  tuantlty  «o  ka  tallTara«  «• 
■llAPa  Corporation.  Boasbjcaapalo,  la*  Tozk  - 
^,000  af  tna  abara  foantltr  to  oo  tallTarai  ta 
willpa  Corporation,  tolala,  Ohio  -  Plant  lo.l. 
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t,  TW  riglM  a  taitnad  la  ctagri  tWaordrr  if  mot  fitWd  wtiUa  ttac  ipaciMed  taraa. 

4.  la  fnaadtniiaa  af  tkt  pardiaM  of  the  aUnv  dncnted  article*.  Scflw  ogrtm  to  defead.  peaieei  sad 
fSticNi,  sad  ili  aibiidiyy  or  afhluted  ctaaftaaie*.  Hs  or  fftrtr  Miccetaor*.  aaifae.  coitoiaom.  sad  the 
saH*.  at  law  or  ta  eqaity.  aad  fruai  damaa«'«.  cittaih.  dmuada  aad  i<wtRmca«»  fne  actaol  or  aNefed  m 
letiers  patcat  hy  foa(pa  of  the  sale  or  aar  the  artkW  hm-lw  iMm-kwi-d. 


A  quarter  of  a  century  ago  Superior  Carbon  Prod¬ 
ucts  began  operations  in  Poughkeepne,  N.  Y.  as  the 
Superior  Graphite  Products  Company.  Our  "first 
customer"  was  The  Electric  Auto-Lite  Company  of 
Toledo  ...  It  is  a  pleasure  to  be  serving  Auto-Lite  still. 
We  like  to  think  that  perhaps  Sui>erior  Carbon  Brush¬ 
es  have  contributed  something  to  the  excellence  of 
the  Electric  Auto-Lite  product. 

No,  we're  not  going  to  deliver  a  lecture  on  the  value 
of  quality  in  keeping  customers  on  one's  list.  Cer¬ 
tainly  we  will  exert  every  effort  to  maintain  the  qual¬ 
ity  of  Superior  Carbon  Brushes  .  .  .  Nor  on  the  im¬ 
portance  of  service  and  dehveries.  However,  we  prom¬ 
ise  you  our  utmost  in  this  respect  despite  the  present 
difficult  conditions  with  which  we  all  have  to  contend. 
We  will  endeavor  to  make  Superior  service  worthy 
of  a  place  in  every  customer's  picture. 


SUPERIOR  CARBON  PRODUCTS.  INC. 

9115  GEORGE  AVENUE  •  CLEVELAND  8,  OHIO 


shown  each  of  the  primary  colors. 

The  object  of  this  is  to  reduc<‘ 
color  flicker.  Where  frame  by 
frame  color  alteration  is  used, 
flicker  becomes  prominent  in  any 
large  area  of  a  single  color,  for 
example,  if  the  picture  is  showing 
a  la;r£re  blue  area,  this  blue  appears 
in  the  blue  frame  only.  While  the 
red  and  green  frames  are  appear¬ 
ing,  it  is  not  shown,  so  that  the 
frequency  of  the  repetition  is  re¬ 
duced  and  flicker  accentuated. 
With  line  by  line  color  alteration, 
each  color  appears  in  every  frame. 
This  form  of  scanning  does  not 
lend  itself  to  the  revolving  disc 
system. 


Routing  Cabs  by  Radio 

A  PLAN  PROPOSED  by  Cab  Research 
Bureau,  Inc.,  representing  the  taxi 
industry,  and  the  Electronic  De¬ 
partment  of  General  Electric  Co., 
would  make  it  possible  to  establish 
contact  by  radio  with  any  cab  at 
any  place  in  Cleveland,  reduce 
cruising  mileage  and  eliminate  un¬ 
attended  call  boxes  connected  to 
telephone  lines.  If  approval  can  be 
obtained  from  the  FCC,  this  would 
be  the  first  two-way  taxicab  radio 
system  in  the  country. 

The  plan  calls  for  one  main 
transmitter  for  the  downtown  area 
and  two  others  to  cover  the  rest  of 
the  city.  Each  transmitter  would 
have  four  channels,  with  100  cabs 
assigned  to  each  channel. 

That  radio-equipped  cabs  might 
be  very  useful  in  emergencies  grow¬ 
ing  out  of  fire,  crime,  and  accidents 
was  pointed  out  by  D.  L.  Chesnut, 
G-E  commercial  engineer.  He 
pointed  out  that,  “the  taxicab  in¬ 
dustry  in  each  major  city  might 
draw  up  an  agreement  with  that 
city  permitting  the  police  depart¬ 
ment  to  commandeer  its  radio  cars 
and  its  headquarters  station  at  any 
time  that  a  major  public  disturb¬ 
ance  should  warrant.” 


Robot  Radio  Stations  Fore¬ 
cast  Weather 

Automatic  weather  stations  in 
secret  locations  from  the  arctic  to 
the  tropics  are  playing  a  major  role 
in  coordinating  allied  land,  sea  and 
air  attacks  with  favorable  weather. 
The  robot  weather  bureaus  were  de- 
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The  Army-Navy  Prcxluction  Award  ward  PRODUCTS  CORPORATION  to  keep  producing  more 
for  outstan  iirg  achievement  in  producing  vitally  im-  and  better  equipment  for  the  men  who  are  doing  the 
portant  inaitrijils  essential  to  the  war  effort  will  be  an  fighting.  While  yesterday  WARD  Antennas  were  acces- 
added  incentive  to  the  management  and  employees  of  sories  for  pleasure,  today  they  are  implements  of  War. 
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N  j  matter  what  your  business  may  be — if  electronics  has  even 
a  remote  connection  with  the  future  of  your  product  or  process  you  will 
w^t  a  copy  of  this  helpful  book. 

Executives  and  engineers  interested  in  finding  new  sources  for  large 
scale  electronic  production  will  find  Operadio’s  new  book  especially 
helpful  when  projecting  specific  plans. 

32  thought-provoking  fact-packed  pages!  Clearly  shows  how  thoroughly 
Operadio  is  prepared  to  use  advanced  skill  and  resourcefulness  in  apply¬ 
ing  electronics  to  your  industry’s  special  problems  and  new  products. 


RESERVE  YOUR  FREE  COPY  NOW! 


oPERADIo 


OrOtADIO  PIANT-SROADCASTEX  FOR  MUSIC  AND  VOId-FAOINO  . . .  FLEXIFONI  INTERCOMMUNICATION 


PIN  TO  YOUR 
LETTERHEAD 


OFERADK)  MAN'JFACTURIN3  CO..  DIPT.  E-l.  ST.  CHARLES.  lU. 
Fl»as«  tand  ma  year  fraa  book  *Xan  Elactronki  Improva  Your  Produdf" 
Pul  ma  on  Iha  lltl  todoyl 

NAME _ 

ADDRESS _ 

- -  STAfE - 


veloped  and  placed  in  production 
by  Friez  Instrument  Div.  of  Bendix 
Aviation  Corp.  within  a  year  after 
the  Navy  requested  the  devices. 

The  Navy  wanted  a  device  which 
would  report  automatically  on 
weather  conditions  by  radio  from 
remote  points  back  to  official 
weather  control  loi^tlons,  and  while 
Fries  engineers  already  had  the 
necessary  meterological  instru¬ 
ments  they  had  to  start  more  or  less 
from  scratch  on  equipment  for 
power  and  timing  of  automatic 
radio  devices  necessary  to  broad¬ 
cast  reports  and  data  continuously 
gathered  by  recording  instruments. 
Weather  and  termite-proof  insu¬ 
lated  houses  were  developed  to 
.shelter  the  recording  and  radio  in¬ 
struments.  Since  weather  in  the 
English  Channel  originates  around 
Greenland,  it  was  necessary  to  build 
the  automatic  stations  able  to  with¬ 
stand  the  severe  arctic  climate  of 
that  region.  For  the  most  part,  the 
stations  require  servicing  only  at 
intervals  of  several  months. 

•  •  • 

Electronic  Operation  of  a 
Standard  Stop-Watch 

By  R.  J.  Wey  and  J.  H.  Jupe 

Midtiletem,  Knffland 

In  using  a  stop-watch  over  inter¬ 
vals  of  one  minute  or  less  the  error, 
due  to  human  causes,  may  be  ap¬ 
preciable  and  the  following  descrip¬ 
tion  deals  with  apparatus  designed 
to  overcome  this.  A  phototube  is 
used  so  that  J;he  mechanism  being 
timed  is  physically  separate  from 
the  timing  apparatus,  with  the  re¬ 
sult  that  mutual  interference  is  nil. 

The  light  beam  can  be  inter¬ 
rupted  or  modulated  in  various 
ways  but  to  reduce  circuit  errors 
to  a  minimum  the  best  method  is  to 
operate  the  relay  in  the  same  direc¬ 
tion  at  both  ends  of  the  cycle.  The 
inherent  time  delays  will  then  can¬ 
cel  out.  This  device  has  been  in 
use  for  a  long  time  and  has  been 
found  to  be  extremely  reliable  and 
convenient  for  laboratory  work. 

Four  basic  modes  of  operation 
are  possible,  as  follows: 

1.  Double  occultation; 

2.  Double  illumination; 

3.  Single  occultation; 

4.  Single  illumination. 

A  .schematic  of  the  circuit  for  the 
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Since  Pearl  Harbor,  International  Detrola  research 
engineers  have  logged  this  amazing  total  in  their  successful  eflForts  to  develop 
and  improve  Mine  Detectors,  Aircraft  Radio  Transmitters,  and  Receivers,  and  many 
other  important  military  electronic  devices.  The  company’s 
other  engineering  groups  also  have  made  great  contribution  to  the 
quality  and  volume  of  electronic  weapons  streaming  from  its  efficient  Detroit 
assembly  lines  to  the  many  battlefronts  of  Victory.  The  same  engineering  inventiveness  and 

trained  imagination  will  be  an  inseparable 
quality  of  Detrola-built  Radio  Receivers, 
Television  Receivers,  Automatic  Record 
Changers,  and  other  electronic  instruments. 


BUY  MORE  ^AR  BONDS 
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most  useful  (double  occultation)  it- 
given  in  Fig.  1. 

The  phototube  is  coupled  to  the 
grid  of  the  amplifier  tube  by  resis 
tor  Rr  and  capacitor  C„  while  in  the 
anode  circuit  is  an  ordinary  tele 
phone-type  relay.  Double-pole  dou- 
blerthrow  contacts  are  provided  oii 
ihis  and  its  operatibiT  is  indicated 
by  the  signal  lamp  L,  being  supplied 
via  contacts  5  and  6.  Grid  bias  of 
the  tube  is  adjusted  by  potentiom¬ 
eter  Rt  until  sufficient  anode  cur¬ 
rent  flows  to  give  positive  operation 


Dcgpitc  coBtrmcdoD  and  cz> 
panalon  cauied  by  heat  and 
cold.  HOWARD’S  Octal  Type 
Baae  ''(calt  out”  all  moUture 
and  dirt  by  meant  of  a  gasket 
seated  on  a  sealing  ring.  De> 
signed  for  use  in  radio  tubes, 
electrolytic  condensers,  and 
practically  all  types  of  plug>in 
equipment.  * 


•fiehy  contacts 


Fig.  1 — Circuit  for  starting  and  stopping 
a  stop-watch  by  two  intorruptions  of  o 
lightbeam.  Lamp  L,  is  a  230-yoIt. 
15-watt  bulb 


of  the  relay  (approximately  3.5  to 
4  ma.).  The  phototube  anode  po¬ 
tential  is  adjusted  by  means  of  re¬ 
sistance  Ri,  both  anode  supplies  be¬ 
ing  obtained  from  the  metal  recti¬ 
fier  and  smoothed  by  capacitor  Ci 
in  conjunction  with  resistor  Rt. 


rl'}  NFWI  ^  valuable,  up-to-the-minute 

||!i|  H  L  If  «  manual  on  the  design,  production 
and  application  of  the  modern  permanent 
magnet.  Prepared  by  The  Arnold  Engineer¬ 
ing  Company,  this  is  an  authoritative  trea¬ 
tise  based  on  many  years’  experience  in  the 
production  of  Alnico  permanent  magnets  for  a  wide  range  of 
applications. 

Contents  include  such  subjects  as  Magnet  Materials,  Resistance 
Comparisons,  Physical  and  Magnetic  Properties,  Demagnetiza¬ 
tion  and  Energy  Curves,  Fabrication,  Design  and  Testing. 
Charts  and  tables  illustrate  and  explain  various  aspects  of  the 
discussion. 

Recent  improvements  have  opened  many  new  fields  for  perma¬ 
nent  magnets  to  reduce  the  cost  and  improve  the  efficiency  of 
many  devices. 

•  Writ*  TODAY  for  your  copy  on  your  company  leHerheod. 


Operation 

Normally,  the  phototube  is  illum¬ 
inated,  so  that  point  X  is  positive 
with  respect  to  the  cathode  of  the 
amplifier  tube.  Interruption  of  the 
beam  causes  the  grid  potential  to 
fall  to  a  low  value  and  the  relay  re¬ 
leases  when  the  anode  current 
changes.  Three  things  then  hap¬ 
pen: 

The  watch  is  started  by  the  elec¬ 
tromagnet  being  energized ;  the  sig¬ 
nal  lamp  is  no  longer  illuminated; 
the  anode  circuit  of  the  amplifier 
tube  is  opened. 

This  last  is  useful  as  the  amplifier 
is  rendered  proof  against  control 
by  the  phototube  while  timing  is  in 
progress.  Near  the  end  of  the  timed 
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Our  equipment  of¬ 
fers  you  a  selection 
of  frequencies  up  to 
.&00  megacycles  — 
'ond  the  following 
^ower  range,  with 
Stepless  control  from 
^ero  to  full  load: 


We're  pioneers  in  high  frequency  heating  with 
^  23  years  of  valuable  knowledge  and  experience — at  your  service. 

What  we  have  learned  about  heater  unit  circuits  can  prevent  you  from  making 
costly  errors  in  equipment  selection  and  application. 

Our  extensive  line  of  equipment  offers  you  the  widest  range  of  power  and 
frequency  combinations.  Choice  is  not  limited  to  **standard''  units.  Let  a 
pioneering  specialist  solve  your  heating  problems  by  giving  you  exactly  the 
right  installation  for  your  applications.  It  will  pay  you  to  get  in  touch  with 
us  before  you  choose  ANY  high  frequency  heating  unit.  Write  us  today. 


DIVISION  OF  “S”  CORRUGATED  QUENCHED  CAP  COMPANY 

119  Monroe  Street  Garfield,  New  Jersey 
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cycle,  pushbutton  5,  must  be  oper¬ 
ated  to  reconnect  the  amplifier  by 
allowing  anode  current  to  pass  and 
pull  in  the  relay  armature.  After 
this,  the  first  occultation  will  ener¬ 
gize  the  magnet  and  stop  the  watch. 
Switch  S,  resets  the  watch  to  zero. 

Referring  to  the  schematic,  it 
will  be  seen  that  the  current  for  op¬ 
erating  the  magnet  is  obtained 
from  capacitor  C„  which  is  charged 
to  some  300  volts  through  resistor 
Rt  and  discharged  through  the  mag¬ 
net  coils  when  contact  5  closes  onto 
4.  Although  the  magnet  requires 
some  50  ma.  for  its  operation,  the 
rectifier  load  is  only  increased  by 
about  1.6  ma.,  and  as  the  discharge 
is  comparatively  heavy  and  of  short 
duration,  the  operation  of  the  de¬ 
vice  is  quick  and  positive. 

Sometimes  it  is  neither  desirable 
nor  possible  to  achieve  double  occul¬ 
tation  of  the  phototube,  in  which 
case  a  flash  of  light  from  a  moving 
mm  or  maj^'^be  used  _  to  start  and 
stop  the  watch.  Tlj^eircuit  must 
then  be  revised  as  follows:  1.  Inter¬ 
change  the  positions  of  the  photo¬ 
tube  and  the  resistance  R, ;  2.  Vary 
the  amplifier  tube  bias  so  that  the 
anode  current  is  normally  zero  and 
change  over  the  connections  to  4 
and  6  of  the  relay.  Contacts  1,  2 
and  3,  also  reset  button  will  be 
cut  out  of  the  circuit. 


COMPANY 

1,  MIH* 


SingU  Illumination  or  Ooeultation 

When  operation  by  single  illum¬ 
ination  or  occultation  is  required, 


Illuminofifn 


Occultation 


#  Into  the  design  and  manufacture  of  ADC  Trans¬ 
formers,  Filters,  Equalizers  and  related  electronic 
equipment  goes  the  determination  of  trying  to  do 
every  job  just  a  little  better.  We  call  it  "com¬ 
pounding  experience’*.  This  ambition  to  achieve 
^  perfection  in  all  details  is  the  momentum  be- 
hind  the  ADC  performance  record.  We  are 
.  sincere  in  saying  —  "Let  us  help  you 

when  we  can". 


confacts 


Fig.  2 — Slngl*  illumination  or  occulto- 
tion  will  oporato  Iho  drcolt  dboTo- 
Exeopt  aa  shown,  oonstonis  oi  eom- 
pononts  aro  tho  somo  as  Fig.  1 
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Look  to  your  insulation  if  you  want  "maybe"  left 
out  of  the  performance  of  your  instruments,  controls 
and  low  tension  circuits. 

LEXEL  Insulating  Tape  (cellulose  acetate  butyrate  > 
is  getting  the  call  for  such  applications  because  it 
gives  full  protection  for  any  size  of  wire,  with 
minimum  bulk  and  weight. 

The  conductor  is  CENTER-SEALED,  by  heat,  in 
a  continuous  helical  tube  of  LEXEL.  This  provides 
high  dielectric  strength,  high  insulation  resistance, 
low  moisture  absorption.  It  is  flame  retardant  and 
resists  temperature  extremes. 

Production  machinery  and  fighting  equipment  are 
both  being  served  extensively  by  LEXEL  Insulation. 

On  your  request,  we’ll  gladly  send  test  samples, 
specifications  and  the  names  of  manufacturers  sup¬ 
plying  LEXEL  insulated  wire  and  cable. 


CUSTOM-MADE  INSULATION ! 


.\8  a  regular  service,  Dobeckmun  engineers  also  develop 
laminated  insulation  product.H  custom-made  to  special  purpose 
specifications,  such  as  slot  cell  and  phase  insulation  for 
motors,  insulation  for  shipboard  cables  and  other  uses.  If 
your  requirements  are  nniisiial.  call  on  us. 
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the  simplified  circuit  shown  in  Fig. 
2  may  be  used,  in  which  case  the 
bias  of  the  tube  is  adjusted  so  that 
its  normal  anode  current  corre¬ 
sponds  to  the  mean  operating  cur¬ 
rent  of  the  relay. 

Upon  occultation,  the  relay  will 
drop  out,  causing  C^in  Fig.  2  to 
discharge  through  the  magnet 
winding  and  so  start  the  watch. 
While  the  phototube  is  in  darkness, 
the  anode  current  will  slowly  rise 
(the  time  being  determined  by  the 
time  constant  of  Ri,  Rt,  Ci)  but  will 
not  operate  the  relay  owing  to  its 
pull-up  current  being  different  from 
the  drop-out  value. 

When  the  phototube  is  illumi¬ 
nated  at  the  end  of  the  cycle,  the 
anode  current  will  rise  still  further 
and  the  relay  will  operate  and  ener¬ 
gize  the  electromagnet  from  capac¬ 
itor  C,.  A  little  later  the  anode  cur¬ 
rent  A^ill  return  to  its  original  value 
but  the  relay  will  still  hold  in.  The 
circuit  is  then  ready  to  respond  to  a 
further  occultation  of  the  beam. 

Modes  of  operation  3  or  4  are 
made  possible  by  checking  that  the 
relay  is  in  the  correct  condition  be¬ 
fore  the  timing  cycle  commences. 


Soff"  iron 


tf  Fe/t  lining' 

of  Mounting  Block 


ng.  3 — Conatniction  of  mounttng  unit 
for  adopting  a  atandaid  ■top-watch  to 
an  oloctronk  atartor 
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^  rystal  Products  Company  can  supply  Quartz  Crystal 
blanks  in  any  of  the  three  stages  of  manufacture:  (1)  **rough- 

finished”  blanks,  and  (3)  “electri 


sawed”  blanks,  (2)  “s 
cally  finished”  blanks. 

"Rough-sawed”  blanks  are  cut  to  the  specified  angles  and 
roughly  sawed  to  dimensions. 

"Semi-finished”  blanks  are  blanks  which  have  been 
brought  to  approximate  dimensions  by  machine  lamping, 
allowance  being  made  for  final  hand  finishing. 

"Electrically-finished”  blanks  are  finished  by  hand  to  the 
frequency  desired  and  electrically  tested. 


1 9  McGee  Street,  Kansas  City,  Mo. 


All  crystal  blanks  are  cut  to  specifications  from  selected 
Brazilian  quartz  and  guaranteed  free  from  all  impurities  such 
as  optical  twinning,  electrical  twinning,  bubbles,  fractures, 
scratches,  mineral  inclusions,  and  other  mechanical  and 
electrical  imperfections.  Dimensions,  temperature  coeffi¬ 
cients,  and  frequencies  are  guaranteed  within  specifications 
listed.  Send  ua  your  holders  for  replacement  of  crystal 
b  anks  to  eacaet  specifications. 


Producers  of  Approved  Precision  Crystals 
for  Radio  Frequency  Control 
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THE  ASTATIC  CORPORATION 


watch  unit  is  given  in  Fig.  8. 
Clamping  nuts  hold  the  watch  in 
position  and  a  felt  pad  prevents 
damage. 

The  electro-magnet  coils  are  31 
in.  long  by  in.  in  diameter  and 
are  wound  with  No.  36  B  and  S 
enamelled  copper  wire,  «lMut  12,000 
turns  being  necessaryT" A  diameter 
of  §  in.  is  adequate  for  the  cores 
while  a  minimum  air  gap  of  0.02  in. 
is  satisfactory  between  armature 
and  pole  face. 

It  should  be  noted  that  the  screw 
which  projects  through  the  arma¬ 
ture  to  the  pole  face  must  touch  the 
latter  before  the  knob  of  the  watch 
is  fully  depressed,  otherwise  consid¬ 
erable  force  may  be  exerted  on  the 
watch  mechanism.  Thanks  are  due 
the  Editor  of  Electronic  Engineer¬ 
ing  for  permission  to  reproduce 
certain  copyright  material. 


Termin 


for  TrmsfenMrs,  Chokts,  Iteactors,  Capacitotors, 

and  similar  units  . . .  where  hermetic 
sealing  is  a  “MUST" ...  or  where  con¬ 
venience  and  utility  are  paramount 


Molded  of  a  high  dielectric,  moisture- 
repellant  low  loss  material,  Howard 
Terminals  are  easy  to  use,  inexpensive, 
convenient  and  provide  a  positive 
method  of  hermetic  sealing.  Will  not 
crack  or  break  when  soldered  in  place. 
The  mounting  ring  and  pin  are 
cadmium  plated. 


Substitute  for  Car  Antenna 
Checks  Capacitance 


Maoefacturers'  Inquiries  Are  Invited 


By  Paul  F.  Magee 

Cross  Roads  Auto  Ser^Hce,  Berlin,  Md. 

Due  to  the  shortage  of  manpower, 
we -have  not  been  able  to  actually 
remove  or  reinstall  any  car  radios, 
nor  make  any  adjustments  on  the 
set  in  the  car.  However,  we  have 
been  repairing  them  to  a  great  ex¬ 
tent  on  the  bench  after  determining 
the  capacitance  of  the  car  antenna 
with  a  simply-made  capacitance 
bridge.  This  instrument  enables  the 
serviceman  to  line  up  the  radio  at 
the  test  bench  under  the  same  con¬ 
ditions  as  the  set  encounters  when 
installed  in  the  car. 

A  reading  is  obtained  by  con¬ 
necting  the  bridge  unit  to  the  car 
antenna  with  the  antenna  lead  dis¬ 
connected  from  the  car  radio  set. 
The  unit  is  then  carried  in  to  the 
service  bench  and  plugged  into  the 
auto  radio  for  the  alignment  pro¬ 
cedure  and  a  switch  is  set  to  connect 
the  proper  capacitance  into  the  re- 
The  time  re- 


ATURE  has  BO  plonnod  it  that  out  of  black  oorth 
com#  boautiful  flowon  and  tho  foods  ossontial  to  our  Tory  sustononco. 
And  BO  II  W  that  from  tho  dorknoss  of  tho  prosont  hour  .  .  .  from  tho 
BufforlBE  and  sacriileo  of  world  war  .  .  .  will  amatqa  a  qrootor  dogroo 
of  undorstonding  among  mon  .  .  .  moro  freodom  for  untold  miUionB  .  .  . 
and  odToncod  idoos  to  mako  man's  burdons  lightor  and  lifo  moro  on- 
joyablo.  Astatic,  nko  so  many  othor  manufacturing  concoms,  has  boon 
broadonod  by  tho  ozporlonco  of  war  production,  hos  omployod  its  on- 
ginoorlng  skUl  and  manufactwing  focUitioB  to  crooto  now  products,  tho 
prlndploo  of  which  wUl  bo  rofloctod  in  Astatic's  commorcial  and  dvilion 
prodnets  of  a  now  day. 


ceiver  input  circuit, 
quired  to  take  the  bridge  reading  is 
practically  nil  and  by  recording  this 
reading  the  set  can  be  aligned  pro¬ 
perly  without  the  car  antenna  at 
some  later  date. 

As  illustrated  in  the  diagram, 
the  device  is  a  bridge  circuit  using 
two  resistors  on  one  side  of  the 
bridge  and  two  capacitors  on  the 
other  side.  One  of  these  is  a  known 


Octobar  1944  —  ELECTRONICS 


ELECTRC 


« 


if## ' 


BY  ENGINEERS 


ANTENNAS 


CONDENSERS 


<-i> 


lila 


TUBE 

SOCKETS 


PLUGS 
&  JACKS 


INSULATORS 


Johnson  Radio  Engineers  have  been  specialisfs  in  insulator  design  for  radio 
frequencies  for  almost  a  quarter  of  a  century.  Shapes  to  provide  strength  for 
strains  and  stresses — reinforced  mounting  holes  and  carefully  designed  mountings 
—high  internal  resistance  to  radio  frequency  voltage — long  leakage  path — 
careful  treatment  to  present  a  surface  that  will  not  collect  diri  and  foreign 
mattery-quality  hardware,  not  punched  nuts  and  poorly  formed  parts — materials 
selected  for  their  radio  frequency  characteristics,  not  the  "flower  pot"  variety 
of  ceramics. 

To  Johnson  Engineers  an  insulator  is  a  piece  of  radio  apparatus  and  given 
the  same  careful  attention  in  design  and  production.  As  a  result  you  can't  buy 
a  better  insulator  than  Johnson.  Send  your  next  insulator  problem  to  Johnson 
for  recommendations  and  quotations.  No  obligation. 

Ask  for  Catalog  968D. 
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Bridge  circuit  ior  BMCnuring  the  eo> 
pacitonce  oi  a  cor  aatenacu  The  unit 
acts  os  electrical  substitute  ior  the 
antenna  when  it  is  necessary  to  align 
the  receirer  on  the  bendi.  Plug-In 
antenna  adopters  permit  quick  checks 


capacitance  and  the  other  unknown. 
When  connected  as  shown,  the  re¬ 
lay  furnishes  the  buzzing  sound  to 
provide  an  audible  sound  for  bal¬ 
ancing  the  known  capacitance  to 
the  unknown  capacitance  of  the  an¬ 
tenna  circuit  in  the  car. 

The  transformer  is  a  line-to- 
voice-coil  type.  The  voice-coil  wind¬ 
ing  is  connected  in  series  with  the 
relay,  battery  and  switch. 

Three  flashlight  batteries  have 
lasted  for  a  long  time.  The  layout 
of  the  components  is  not  critical  and 
all  of  the  parts  were  installed  in  a 
box  6  X  9  X  4  in.  The  dial  is  mounted 
on  one  end  and  was  calibrated  with 
the  aid  of  a  capacitance  meter  used 
in  normal  service  work. 

The  device  has  sufficient  antenna 
effect  to  permit  operation  of  the  set 


Every  problem  of  spring  o'e^ign  an<JI  meteriels  is  a  subject  for 
engineering  analysis.  For  example,  when  springs  are  to  be  used 
in  electrically  operated  devices,  they  will  cushion  shock,  or  store 
energy,  or  exert  force.  This  they  must  do  accurately.  Thus  a 
good  brush  spring  must  not  only  keep  carbon  in  contact  with  com¬ 
mutator,  but  also  preserve  a  definite  gradient,  applying  its  force  within 
narrow  limifs. 

Likewise  where  springs  conduct  electric  current,  the  choice  of  proper  mate¬ 
rial,  such  as  beryllium  copper  or  other  copper  alloys  for  certain  functions,  is 
of  first  importance  for  both  conductivity  and  heat  resistance.  For  satisfactory 
performance,  engineer  and  manufacturer  must  consider  the  exact  applicafion 
of  the  spring  in  every  detail.  Reliable  is  equipped  to  give  you  the  correct 
spring  for  the  job. 

Ceatelf  with  as  ea  year  reqalreaieafs.  Reliable  Catalog  No.  44  sappfied  ea  reqaest. 


Dial  Reading 


THE  RELIABLE  SPRING  &  WIRE  FORMS  CO 
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opens  wide  avenues  for  your 
successful  Post-War  Products 


A  formable  thermosetting  sheet  material— makes  parts 
more  resistant  to  shock 


Post  Formed  Phenolite  parts  are  play¬ 
ing  an  important  role  in  today’s  air¬ 
plane  construction  because  of  their 
ability  to  withstand  tremendous  impact 
without  fracture.  This  impact  strength 
is  approximately  ten  times  that  of  usual 
molded  parts. 

This  remarkable  property,  combined 
with  Phenolite’s  other  exceptional 
characteristics— resisunce  to  wear  and 
moisture,  light  weight  (about  one-half 
the  weight  of  aluminum),  excellent 
electrical  insulator— recommends  the 
broad  advantageous  use  of  Post 
Formed  parts  in  countless  peacetime 
products. 

Post  Formed  Phenolite  Parts  are 


economical  to  produce.  The  sheet  is 
heated  to  forming  temperature  (a 
matter  of  seconds).  After  heating,  it  is 
formed  in  an  inexpensive  wooden 
mold  with  standard  press  equipment. 
Practically  any  desired  form  or  shape 
may  be  achieved.  Forming  takes  place 
in  a  few  minutes.  There  are  no  rough 
edges  to  be  sanded— no  flash  to  be 
removed.  Fabrication  may  be  done 
before  or  after  forming. 

Just  now  we  can  supply  material  for 
war  applications  only,  but  our  technical 
men  will  be  glad  to  work  with  your 
engineers  on  your  peacetime  projects. 
Write  us  now  on  Post 
Formed  Phenolite. 


TUtis  is  a  typical  Post  Formed 
Phenolite  baffle  used  in 
aircraft  construction. 


Wilmington,  Delaware  Offices  in  Principal  Cities 
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almost  any  installation  using:  side- 
of-car  antennas.  A  500-fifif  capaci¬ 
tor  may  be  connected  temporarily  to 
facilitate  testing  an  under-car  an- 
This  temporary  connection 


tenna, 

can  be  made  across  the  gang  inside 
the  box. 

The  unit  can  also  be  used  for  reg¬ 
ular  checking  of  capacitance,  but  is 
of  little  Talue  where  voltage  must 
be  applied  in  the  checking  process. 
The  dial  scale  can  be  elaborated  to 
any  extent,  but  the  values  given 
below  were  sufficient  for  our  pur¬ 
pose. 


•  .  .  a  New  inffueifte 
in  Tomorrow’s  Designs 


Throughout  the  entire  war,  Permoflux  Acous¬ 
tical  Devices  have  consistently  surpassed  the 
efficiency  specifications  of  Army  and  Navy 
requirements.  In  addition,  they  have  estab¬ 
lished  new  standards  of  durability  under  the 
most  gruelling  service  conditions.  Permoflux 
products  for  postwar  will  reflect  these  achieve¬ 
ments  as  they  render  improved  performance 
in  hundreds  of  applications.  Let  us  consult 
with  you  on  your  specific,  design  problems. 

BUY  WAR  BONDS  FOR  VICTORY! 


Skyhook  for  Gibson  Girl 

The  300-ft  antenna  used  with  the 
Gibson  Girl  emergency  transmitter 
(shown  on  the  cover  of  the  Sep¬ 
tember, 


Elec- 

THONIGS)  is  supported  by  a  yellow 
kite  made  of  steel  and  cambric. 
Combined  with  the  transmitter,  the 
kite  is  standard  equipment  in 
rubber  life  rafts  on  all  bomber 


PERMOFLUX  CORPORATION 

4916-22  W.  Grand  Ave.,  Chicago  39,  III. 

nONM  MANUFACTURERS  OP  MRMANENT  MAONR  DYNAMIC  TRANSDUCERS 
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The  way  we  head  and  thread 
this  Handle-Bolt 


You  probably  won't  have  any  handle  bolt  jobs, 
but  you'll  have  others,  and  we  may  be  able  to 
handle  them  as  advantageously  as  we  did  this 
one  for  the  Cleveland  Ordnance  office. 

A  supplier  was  needed  to  produce  millions  of 
handle  bolts  for  steel  ammunition  containers. 
One  requirement  was  a  fast  lead  thread  .  .  .  split 
seconds  count  when  these  containers  are  opened 
in  the  field. 

Inside  of  two  weeks  from  the  time  we  got  the 
inquiry,  we  worked  out  the  design,  made  samples 
and  got  approval.  Eight  days  more  saw  the  first 
test  lot  shipped  and  two  weeks  later  production 
shipments  began.  In  that  time  we  had  made 
tools,  dies,  taps  and  roller  dies. 

The  design  was  worked  out  to  permit  quantity- 
production  by  heading  and  roll  threading.  The 
purpose  of  the  “steeple”  head,  as  our  men  in  the 
shop  dubhed  it,  is  to  permit  sufficient  stock  for 
the  size  of  hole  required,  and  yet  keep  within  a 


practicable  limit  of  volume  of  material  for  suc> 
cessful  heading  operation.  We  produced  a  double 
lead  thread  which  more  than  met  the  require¬ 
ments  for  speed  of  action,  and  also  permitted 
much  faster  production  than  the  type  of  thread 
originally  specified. 


Send  far  copy  of  tbia 
booklet  contAining  15 
brief*  diagrammatic 
atoriea  important 
saving  on  headed  and 
threaded  parts.  Ask 
for  the  ^Savings** 
bocAlet. 


at{9^ 


THE  NATIONAL  SCREW  &  NIFG.  CO.,  CLEJ/ELANO  4,  0. 
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DISTILLATION  PRODUCTS,  INC 


VACUUM  EQUIPMENT  DIVISION 

ROCHESTER  1  3,  N.  Y. 


countered  in  the  various  war  zones. 
Small  corks  are  inserted  in  the 
open  ends  of  the  tubing  to  render 
them  watertight. 

The  skirts  of  the  kite  are  made 
of  a  water-repellent  cambric  that 
has  a  tensile  strength  of  39.4  on 
the  warp  and  are  given  buoyancy 
by  comer  paddin^^  of  kapok.  Ck)ld- 
rolled  steel  clamps  which  have  also 
been  given  the  corrosion  tests  hold 
the  skirts  to  the  frame. 

A  product  of  Hoffman  Radio 
Corp.  of  Los  Angeles,  Calif.,  the 
kite  can  ride  out  a  wind  of  50  milea 
per  hour  and  permits  the  trans¬ 
mitter  to  cover  a  range  of  300 
square  miles  in  average  weather. 
The  kite  stands  36  in.  high  when 
open  and  weighs  but  12i  oz. 


from  "High-Vonam  Haadquarters” 

A  NEW  VACUUM  COATING  UNIT 


This  important  new  DPI  unit  is  intended  for  the 
application  of  low-reflection  coatings,  or  the  depositing 
of  metals  such  as  silver,  gold,  aluminum,  etc. — or 
metallic  salts — on  glass,  metal,  crystalline  materials, 
and  plastics. 

FEATURES 

1*  Automatic  beU-jar  lift  For  thermocouple  gauge  to  read 
ease  of  operation.  temperatures  in  bell  jar,  heater 

а.  High-vacuum  valve  An  op-  fi'-ment  gauges  and  Mn- 

tional  feature  enabling  the  diffu-  P"7>“atic  bell-jar  bft, 

Sion  pump  to  run  continuously.  and  other  necessary  ser- 

Vice  connections. 

3.  Fast  evacuation  cycle  Le.ss 

than  two  minutes.  If  very  fast 
evacuation  cycle  is  necessar\’,  a  ■ 

large  roughing  pump  can  be  in- 
corporated,  making  pressures 

of  0.0001  mm.  Hg.  possible 
in  less  than  two  minutes. 

4.  Rugged  construction 
Unit  is  designed  and  built 
for  production  work,  with-  , 
out  sacrificing  appearance. 

Low  maintenance  Not 
much  that  can  “go  wrong.” 

In  case  of  trouble,  machine 
can  be  serviced  easily.  ; 

б.  Simplicity  Location  of  ^ 
valves,  gauges,  switches 
makes  for  easy  operation. 

Because  of  construction  fea- 
tures,  machine  is  easy  to 

keep  clean.  ^ 

7.  Completeness  Unit 
comes  ready  for  operation, 

Includes  high-spe^  diffu- 

sion  pump,  mechanical  *| 

pump,  forepressure  gauge,  ^ 

Pirani  and  Ionization  gauges  . 

to  read  pressures  in  bell  jar,  *  ‘ 


Light  and  Sound  Control 
for  Television  Displays 

Electronically  controlled  store 
windows  that  allow  full  daytime 
television,  without  regard  to  the 
amount  of  daylight  and  noises  from 
the  street,  have  been  designed  by 
the  Television  Workshop  of  New 
York.  Constructed  in  arcade  fash¬ 
ion,  and  recessed  from  the  build¬ 
ing  line,  the  postwar  video  win¬ 
dows  would  be  built  at  an  angle  of 
60  deg,  thus  permitting  passers-by 
to  come  in  off  the  sidewalk  to  view 
a  store’s  window  video  screening, 
eliminating  sidewalk  congestion — 
the  chief  objection  heretofore  to 
store-window  television. 

A  photoelectric  device  automati¬ 
cally  adjusts  itself  to  the  amount 
of  light  coming  from  the  outside 
and  shades  the  video  screens  to  al¬ 
low  full  daytime  viewing. 

An  acoustical  device  adjusts  the 
audio  portion  of  the  program  to  a 
level  several  decibels  above  street 
noises,  projecting  the  sound  only 
within  the  arcade  area,  thus  over¬ 
coming  the  objection  of  the  city 
fathers  to  sound  amplification  from 
store  windows. 

The  postwar  display  windows  are 
designed  to  utilize  screens  which 
are  18  x  24  in.,  with  merchandise  to 
be  displayed  around  the  screens. 
When  larger  screens  become  avail¬ 
able,  the  windows  could  be  adjusted 
to  accommodate  screens  up  to  three- 
by-four  feet  and  more. 


Writ*  t«  DM— VooMim  Cqtrfpmanf 
DivUcn — f*r  fwlliw  daflli 
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Probably  the  most  important  single  factor 


in  modem 

warfare  is  complete,  dependable  communications.  De¬ 
pendable  communications  require  a  dependabl^power 
supply.  Pincor  is  proud  of  its  part  in  furnishing  portable 
gasoline-driven  and  other  electrical  power  supply  units 
to  the  fighting  front  as  well  as  to  the  home  front. 

Look  to  Pincor  for  your  postwar  needs  in  power  plants, 
motors,  converters  and  battery  chargers. 

DYNAMOTORS  .  .  .  CONVERTERS 
GENERATORS  ....DC  MOTORS 
POWER  PLANTS...GEN-E-MOTORS 


PIONEER 

GEN-E-MOTOR 

CORPORATION 
5841-49  DICKENS  AVENUE 
CHICAGO  39.  ILLINOIS 

fXrORT  ADDRESS:  2S  WARREN  STREET.  NEW  YORK  7.  U  S.  A.  •  CABLE  ADDRESS:  SIMONTRICE,  NEW  YORK 
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Open-Grid 

Tubes 


(Continued  from  page  128)' 


no  case  did  omission  of  the  grid 
leak*  lead  to  excessively  high  plate 
current  or  to  high  operating  tem¬ 
peratures,  nor  did  the  grid  bias 
become  high  enough  to  block  the 
tube.  In  the  ageing  test,  open-grid 
tubes  also  performed  better  than 
tubes  with  a  grid  leak.  The  noise 
is  also  less  with  a  cathode  resistor 
(of  proper  size)  than  without  one. 
With  a  fixed  bias  resistor  and  vari¬ 
able  plate  voltage  the  least  noise 
was  obtained  with  a  plate  voltage 
of  about  90  volts  for  a  6SJ7  tube. 


CoRClSSioHS 


If  the  tubes  are  to  be  operated 
with  nearly  zero  grid  bias  the  lower 
noise  level  obtained  by  the  omis¬ 
sion  of  the  grid  leak  is  especially 
noticeable.  From  Table  1  it  can  be 
seen  that  for  optimum  grid  bias  the 
ratio  of  noise  with  a  grid  leak  to 
the  noise  without  a  grid  leak  is  1.11, 
and  for  zero  bias  this  same  ratio  is 
1.97.  This  shows  the  advantage  of 
operating  without  a  grid  leak  for 
zero  bias. 

Operation  of  a  tube  without  a 
grid  leak  seems  practical  in  applica¬ 
tions  involving  low-level  operation, 
with  no  d-c  potentials  in  the  pre¬ 
ceding  stage,  and  a  negative  grid 
bias  of  not  more  than  about  2  volts. 

Tests  were  also  performed  on 
pentode-connected  6SJ7  tubes  and 
on  6J5  tubes,  and  similar  results 
were  obtained. 
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FORANOTHIR  INSTANCE  of  Phillips 
engineering  ingenuity,  note  the 
depth  of  the  Phillips  Recess.  It’s 
not  too  deep  .  .  .  not  too  shallow. 
It’s  just  the  right  depth  to  give 
Phillips  Recessed  Head  Screws 
the  strength  to  stand  up  under 
the  heaviest  driving  pressures. 
Just  the  right  depth  to  give  maxi¬ 
mum  turning  power  with  a  mini¬ 
mum  of  effort ...  to  keep  drivers 
in  proper  alignment  with  screws! 

COST  lissi  Switch  to  screws  with 
the  scientifically  engineered  Phil¬ 
lips  Recess  —  they  cost  less  be¬ 
cause  they  help  you  produce 
more!  Available  in  any  head 
style,  type,  or  size. 


TAKI  A  LOOK  at  the  center  corners 
of  the  Phillips  Recess  above  —  and 
get  a  picture  of  some  real  screw 
engineering! 

THISI  CORNIRS  aren^t  square! 
They’re  rounded  into  a  series  of 
16  flat  planes.  It’s  these  flat  planes 
that  hold  drivers  in  the  Phillips 
Recess  so  well. 

THIN  NOTICI  how  the  4  wings  and 
the  16  flat  planes  are  angled.  It’s 
the  scientifically  determined  de¬ 
gree  of  these  angles  that  elimi¬ 
nates  fumbling  starts _ makes  it 

possible  to  use  full  turning  power 
. . .  makes  it  hard  to  burr  Phillips 
Head  Screws,  and  reduces  wear 
on  Phillips  Bits  and  Drivers. 


TO  iNAXi  WARTIME 
QUOTAS  AND 
PEACETIME  PROEin 


F«st*r  Stttrtins:  Driver  point 
smomatically  centers  in  the 
Phillips  ReceM . . .  hts  snugly. 
Fumbling,  wobbly  starts,  sbnt 
driving  are  eliminated.  Work 
is  made  trouble-proof  for 
green  hands. 

Faster  Driviegt  Spiral  and. 
power  driving  are  made  prac¬ 
tical.  !>iver  won’t  slip  from 
recesa  to  sptul  mat^ial  pr  in- 
iure  worto.  ’(Average  time 
saving  is  50%.l 

Easier  Orhriagt  Turning  power 
is  fully  utilized.  Workers 
maintain  speed  without  tiring. 

Batter  Fasteaiag:  Screws  are 
set-up  uniformly  tight,  with¬ 
out  burring  or  breaking  of 
screw  heads.  The  job  is 
stronger,  and  the  ornamental 
recess  adds  to  appearance. 


IMNTiry  IT! 


Cmtw  comwt  et 
Recera  orr 
rewAdsU... 

NOT  fewer*. 


b«nem  et  FMiliM 
Rac*(*  if  n*orty 

NOT  tap«r*«l  to  e 
fhorp  poiet.  . 


TW  M.  M.  Hfiw  C«..  Ciiifaw.  Iff. 
iBtaniftifMt  Straw  Cf.,  Oftralt,  Uich. 

TIm  LaiMm  4  SfWiMs  Cf..  Ohl« 

MMffmetwvrt  Ser««  rr»Siictt,  Ctilra**.  ill. 
aiHMS  atwt  MS  usthiM  Cf.,  aiifM-s,  cm*. 

TM  Nftioml  Stratr  4  Uff.  Cf..  CiffftaiiS,  Obla 
Nnr  CastaaS  Straw  Ca.,  Kfaac.  N.  H. 
Farkar-Kalaa  Cant..  Maw  Yark,  N.  Y. 


AaifrifM  Straw  Ca.,  rraalSaata,  ff.  i. 
Attaalia  Straw  Warki,  HarMarS.  Caaa. 

TSa  Britia)  Ca..  WaHrSary,  CaM. 

Caatrai  Saraw  C*..  Ckiaas*.  IK. 

Chaatfar  i»raS«cti  Oar*..  ClattitaS.  Okia 
Caatiaaatai  Straw  Ca..  Maw  SaSfarS.  Han. 
Tha  Carkis  Straw  Cars..  Naw  BrilBia,  Caaa. 
Caaarai  Straw  Mfs.  Ct..  Cbicasa,  IB. 


riteail  Maaufattwiat  Ca..  Cbicasa.  IH. 

RaaSias  Straw  Ct..  Ntrritttwa.  r*. 

Ratttli  SarSiaH  4  Wars  BaH  4  Nat  Ca..  Bart  Cbattta.  N.  Y 
ScaWlI  Maaufactariat  Ca..  WatM-rilte  Caaa. 

Sbakasraaf  laa..  Chiaafa.  lU- 

Tba  Sautkiattaa  HarSwara  Mfs.  Ca..  SaatklsHaa.  CWM. 
Wattariaa  Balt  Ca.,  DatralC  UNA. 
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Grid-Current  Characteristics  of  Typical  Tubes 


By  Lowell  W.  Zabel 

Radio  Engineer 
Wilcom  Electric  Co. 

During  the  past  few  years,  consid¬ 
erable  interest  has  been  shown  in 
the  applications  of  vacuum  tubes  to 
such  problems  as  the  measurement 
of  direct  voltage  and  current  In 
particular,  tubes  have  been  used  in 
stabilized  vacuum-tube  voltmeter 
circuits  which  have  sufficiently  high 
input  resistances  that  little  effect  is 
had  on  the  measured  circuit  Like¬ 
wise,  vacuum-tube  microammeters' 
and  micro-  microammeters  such  as 
that  of  A.  W.  Vance*  require  high 
input  resistances.  These  problems 
are  the  same  as  those  met  when  de¬ 
signing  a  phototube  amplifier  where 
the  tube  must  react  to  very  low 
light  intensities. 

The  obvious  method  of  obtaining 
high  input  resistance  combined 
with  high  stability  is  to  use  spe¬ 
cially  designed  low  grid-current 
tubes  in  a  balanced  degenerative 
circuit.  However,  in  many  instances 
the  relatively  high  cost  of  such 
tubes  and  the  lack  of  necessity  of 
the  use  of  extremely  high  values  of 
input  resistance  make  it  desirable 
to  seek  some  more  readily  available 
and  less  expensive  tube.  Since  data 
concerning  the  grid  current  char¬ 
acteristics  in  the  negative  grid  re¬ 
gion  is  not  available  for  the  more 
common  tubes,  it  is  the  purpose  of 
this  article  to  give  some  data  on  a 
few  receiving  type  vacuum  tubes. 

The  measurement  of  the  minute 
currents  that  flow  in  the  grid  circuit 
of  a  negative-grid,  direct-current 
amplifier  must  be  done  indirectly 
unless  a  very  sensitive  galvanom¬ 
eter  is  available,  and  even  then  the 
grid  current  of  the  best  of  the  re- 
ceiving-t}i}e  tubes  can  not  be  meas¬ 
ured.  The  indirect  method  which 
was  used  to  obtain  the  data  given 


•  Vance,  A.  W.,  Rev.  8ci.  Inet.,  7,  489, 
1936. 
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here  can  be  made  fully  as  accurate. 
The  circuit  shown  in  Fig.  1  is  used. 

Method 

The  procedure  is  first  to  run  the 
grid-voltage  vs  plate-current  curve 
for  the  tube  in  question,  using  the 
same  values  of  plate,  screen  (if  a 
pentode)  and  heater  voltage  under 
which  it  is  desired  to  operate.  At  a 
given  value  of  Ec,  the  plate  current 
is  read  on  M,  with  S  both  open  and 
closed.  The  difference  in  plate  cur¬ 
rent  with  and  without  Ro  in  the  cir¬ 
cuit  can  be  converted  to  a  change 
in  grid  voltage  from  the  static  curve 
previously  plotted.  The  grid  cur¬ 
rent  is  determined  by  dividing  the 
change  in  grid  voltage  by  the  grid 
resistance  Re. 


Flq.  1 — Circuit  uMd  in  obtcdning  dorta 
for  curTM  of  grid'Current  choractor- 
istics  by  Ow  indirect  method 


The  accuracy  of  the  method  de¬ 
pends  on  the  accuracy  of  the  plate 
current  and  grid  bias  meters  and 
the  accuracy  to  which  the  grid  re¬ 
sistance  is  known.  The  overall  ac¬ 
curacy  can  quite  readily  be  kept 
within  =tl5  percent. 

The  tube  types  selected  for  meas¬ 
urement  are  all  readily  available 
and  are  considered  representative 
types.  The  curves  of  Fig.  2  show 
the  grid  current  lo  that  may  be  ex¬ 
pected  from  an  average  6J5  triode. 
These  curves  show  that  some  im¬ 
provement  can  be  obtained  by  low¬ 
ering  the  heater  voltage  below  the 


TESTING  FOUR-IN-ONE  DYNAMOTOR 


TmI  pcmol  lor  Woolin^ouM  dynomoton  boring  four  Mporoto  output  roltogoo  from 
14  to  300  Tolta.  Output  Toltogos  oro  hold  constant  for  normol  inpul-roltogo  rorlallons 
by  a  rogulotor  Hold  which  wookons  whon  tho  input  voltogo  risos  and  strongthons 
whon  tho  Toltago  drops 
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Here's  an  Insulation  that  Handles  Easier, 
Cuts  Cleaner  and  Saves  Time 


IF»EK01AS  SLEEVING 


IF  you’re  exasperated  by  ordinary  sleeving  that 
frays  on  the  rnds,  works  stiffly  and  doesn’t  hold 
up  in  use  .  .  .  then  you’ll  certainly  want  the  low- 
down  on  BH  Extra  Flexible  Fiberglas  Sleeving! 
For  this  is  a  really  flexible  and  definitely  non- 
fraying  sleeving— built  around  the  excellent  in¬ 
sulating  qualities  of  Fiberglas  by  an  exclusive 
BH  process. 

Fiberglas,  you  know,  is  moisture-resistant, 
high  in  dielectric  and  tensile  strength  and  is 
shunned  by  fungus  growths  and  unharmed  by 
most  chemicals.  “Punishment”  tests  prove  that 
BH  Extra  Flexible  Fiberglas  Sleeving  has  even 
more  advantages.  It  is  permanently  non-fraying 
and  non-stiffening.  It  won’t  burn  because  both 
yarns  and  impregnation  are  non-inflammable. 
And  it  lasts  indefinitely  without  cracking  or 
rotting. 

Assembly  and  repair  men  say  BH  Extra  Flex¬ 
ible  Fiberglas  Sleeving  is  a  pleasure  to  handle 
and  a  sure  bet  for  long  life  in  the  most  severe 
service.  So  why  tolerate  a  less  efficient  sleeving 
any  longer?  BH  is  available  in  all  standard  colors 
and  all  sizes  from  No.  20  to  inclusive.Write  for 
samples  today  and  make  yoxu*  own  comparison! 


Dept.  E  Conshohocken,  Penna 
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6J5 
Ep ■40v 


6SJ76T 
Es»  •  Ep 


-3  -2  -I 

Ec  in  VoIttCd-c) 


Fig.  2 — Grid-curiMit  cottm  oi  a  SIS 
tub*  with  40  Tolls  oppllsd  to  tho  plot* 


Aftor  5  dsyt'  setusl  oipotur* 


rated  €.3  volts.  It  is  probable  that 
decreasing  the  voltage  below  4.0 
volts  would  result  in  still  more  re¬ 
duction  of  grid  current,  but  at  such 
a  low  heater  temperature  that  plate- 
current  saturation  is  easily  reached. 
Operation  of  a  tube  near  the  maxi¬ 
mum  emission  results  in  instability, 
therefore  it  is  advisable  not  to  re¬ 
duce  the  heater  temperature  too 
far. 


Need  for  Low  Voltage 


FUNGICIDAL  CONCENTRATE 
for  ELECTRONIC  WAXES 


MEETS  U.  S.  ARMY  StONAL  CORPS  REQUIREMBNTS 


•  Prominent  manufacturers  find  INSL*X  1-1 T 
Fungicidal  Concentrate  for  Electronic  Waxes 
highly  effective  in  the  treatment  of  impregnating 
wAxes  for  coils  and  parts  •  in  the  surface  treat¬ 
ment  of  phenolic  resistors,  tube  sockets,. etc.  * 
for  protection  of  cotton  wire  coverings  *  for 
wax  paper,  labels,  etc. 


I  Figure  3  is  a  similar  set  of  curves 
j  for  a  6SJ7GT  connected  as  a  pen- 
'  tode.  Here  the  variable  parameter 
I  is  plate  and  screen  grid  voltage. 

1  The  curves  make  it  quite  obvious 
that  for  low  grid  current  it  is  to  a 
decided  advantage  that  the  highest 
voltage  present  within  the  tube  en¬ 
velope  be  not  much  greater  than  40 
volts.  Higher  voltages  than  this 
cause  slight  ionization  of  the  min¬ 
ute  amounts  of  gas  remaining 


•  INSL-X  I-1T  wiN  not  vaporize  or  lose  potency 
at  bath  temperatures.  Official  tests  show  INSL-X 
Fungicides  are  non-tonic  to  humans,  INSL-X  fun¬ 
gicides  are  non-corrosive  to  metals. 


For  chlorinated  naphthalene  ("Halowax") 
INSL-X  I-2T  is  recommended. 


tEFOmTIVE  LITERATURE  ON  F0N6US  PREVENTION  AVAILABLE  UPON  REQUEST 


THE  INSL-X  CO.,  Inc.  •  857  Meeker  Ave.  •  Brooklyn  22,  N.  Y. 


Et  in  Volte  (‘t'c) 


Chicago  • 


Los  Angeles  •  Philadelphia 


Fig.  3 — Grid-current  currm  for  o 
6SJ7GT  connected  os  a  pentode 
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RECONVERSION 

WITH  LOW  COST,  QUALITY  BLUEPRINTS 
AT  HIGH  SPEED. ..30  FEET  PER  MINUTE 

Whether  you  use  the  services  of  commercial  blueprinters, 
operate  your  own  reproduaion  department,  or  are  planning 
to  install  one,  you  will  find  Blueprints  are  the  best,  the 
fastest,  and  the  cheapest  per  square  foot  of  all  tracing 
reproduaions  (as  low  as  a  cent  and  even  less). 

PEASE  "22-16”,  illustrated,  using  good  tracings  and  fast 
paper  produces  easy  to  read,  permanent  Blueprints  with 
sharp  lines,  at  20  feet  per  minute.  Pease  "22”,  not  illustrated, 
has  a  produaion  speed  of  30  feet  per  minute. 

PEASE  SENSITIZED  PAPERS,  for  use  with  Pease  and 
other  reproduaion  machines,  are  uniformly  dependable  for 
producing  quality  Blueprints,  Blueline  Prints,  Brownprints 
(Negatives),  Brownline  Prints  and  Multazo  Whiteprints 
(Dry  Direa  Process). 

WRITE  FOR  LITERATURE  AND  PRICES 

THE  C.  F.  PEASE  COMPANY 


2639  WEST  IRVING  PARK  ROAD 


CHICAGO  18,  ILLINOIS 


PEASE  “23-16"  Continuous  Blueprinting  and 
Processing  Machine  has  an  actual  production 
speed  of  20  feet  per  minute.  Pease  "22”  (not 
illustrated)  has  a  speed  of  30  feet  per  minute. 
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PACKAGED  METAL  ENGINEERING 

saves  you  time,  money,  labor  on 
INTRICATE,  UNUSUAL  PANELS 


E  t  in  Volt*  (d'c) 


ng.  4 — Efi*ct  oi  r*<lac*<l  h«crt*r  voltage 
OD  grid  curront  oi  6K6G  connoctod  as 
a  triodo 


within  the  tube  after  gettering. 
Positive  ions  migrate  to  the  grid, 
thus  causing  the  relatively  large 
current  shown  at  Ep  =  150  volts. 

Figure  4  is  similar  to  Fig.  2  ex¬ 
cept  that  the  curves  are  of  a  6K6G 
connected  as  a  triode.  An  advantage 
of  almost  two  to  one  is  obtained  by 
operating  the  tube  at  reduced 
heater  voltage. 

Figure  5  shows  the  effect  on  the 
grid-voltage  vs  plate-current  char¬ 
acteristic  of  a  6V6GT  triode  with 
increasing  values  of  grid-circuit  re¬ 
sistance.  As  the  grid  circuit  resis¬ 
tance  is  increased  beyond  the  values 
shown,  the  tube  becomes  less  and 
less  stable  and  has  a  large  apparent 
increase  in  transconductance.  When 
the  grid  resistance  has  been  in¬ 
creased  too  far  the  tube  has  only 
two  stable  points  of  operation.  One 
of  these  is  at  a  plate  current  of  ap¬ 
proximately  2.2  ma,  corresponding 


You  can  depend  upon  the  accuracy  of  Grammes  precision  fabri¬ 
cated  Panels,  Dials,  Plates,  and  Decorated  Name  Plates.  Made 
by  specialists  to  high  quality  standards,  they  assure  sharply 
defined,  close  tolerance  calibrations,  etched  or  printed  legible 
markings,  accurately  placed  letters  and  holes.  Of  different  sizes, 
shapes,  and  types  of  metal,  and  finished  in  many  special  proc¬ 
esses  of  plating,  coloring,  enameling.. 

With  69  years  of  precision  fabricating  skills,  broad  “know¬ 
how”  and  cleverly  devised  assembly  methods.  Grammes  can 
save  you  time,  money,  and  materials  on  your  parts  or  product. 
The  facilities  listed  provide  a  centralized  set-up  for  efficient  and 
economical  precision  fabricating  and  assembling. 

Grammes  can  also  be  your  complete  manufacturing  source 
providing  the  all-inclusive  services  and  facilities  of  "Packaged 
Metal  Engineering”— */«  one  package  .  .  .  in  one  service  .  .  .  we 
take  over  ALL  responsibility,  acting  as  YOUR  factory,  from 
Design  Research  to  Drop  Shipments, 

CONTRACT  SERVICE 

^your  COMPLETE  Manufacturing  source 

From  idea  development  and  product  improvement  to  post-war  manu¬ 
facture,  Grammes  Contract  Service  facilities  are  available  NOW  for 
Research,  Design,  and  Engineering.  Let  us  work  with  you,  complete 
K'nfidence  assured.  Send  today  for  our  booklet— "Contract  Service  by 
(irammes"— Dept.  1-10. 


•  STAMPING 

•  DRAWING 

•  SPINNING 
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DECORATED  METAL 
PRODUCTS  SPECIALISTS 
—applying  artistic 
designs  and  finishes 
that  add  beauty  and 
color  to  your  product. 


6\/6GT  Triode 
Ep-  Ejo  *  40v  d-c 
E„  ■  63v  a-c  I 


MASTER  CRAFTSMEN  IN  METAL' 


5x  lO^ohms 
l.bSX  10*  ohms 
7  X  I0*ohms 


CHICAGO 


CLEVELAND 


Fig..  5 — Eo-lp  curves  of  a  triode-con- 
nected  6V6GT  with  several  values  oi 
grid-circuit  resistonce 
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SimptoH  Shock  T«tf  —  Instrument  it  mounted 
In  sliding  carridge,  and  dropped  against  bot¬ 
tom  plate.  Vertical  scale  permits  shock  of 
impact  to  be  computed  in  multiples  of  g,  the 
acceleration  of  gravity. 


S/mpson  Vibration  Test  —  Specially  designed 
equipment  provides  rapid  movement  of  instru¬ 
ments  in  three  different  planes. 
Variable  speed  regulator  permits 
vibration  of  any  desired  intensity. 


electrical  instruments  are  delicate  by  their  very 
nature,  the  conditions  under  which  they  must  serve 
are  seldom  ideal — these  days  especially.  Before  entrusting 
them  with  vital  responsibilities,  it  frequently  becomes 
necessary  to  learn  just  how  much  abuse  they  can  withstand. 

With  Simpson  Instruments  performance  can  be  proved 
beforehand  right  in  the  Simpson  laboratories.  Complete 
facilities  are  provided  to  simulate  practically  any  operating 
conditions,  and  to  make  an  instrument  live  many,  many 
years  in  a  day. 

Important  innovations  in  design  and  construction  have 
resulted.  Exhaustive  breakdown  tests  show  that  the  Simpson 
Instruments  of  today  are  far  more  rugged  than  would 
have  been  thought  possible  just  a  few  years  ago. 

To  users  of  electrical  instruments  and  testing  equipment, 
this  fact  points  out  the  value  of  Simpson’s  long  experience. 
While  constant  research  and  testing  can  isolate  specific 
problems  of  design  or  construction,  it’s  the  practical  know¬ 
how  Simpson  has  stored  up  through  more  than  35  years 
that  supplies  the  answers. 


SIMPSON  ELECTRIC  COMPANY 

S200-S21S  Kinzic  St.,  Chicago  44,  III 


Hedcl  260 

Hiqh  Soasitivity  Tetter 
Ranges  to  SOOO  volts,  both  AC  and  DC, 
at  20,000  ohms  per  volt  DC,  and  1000 
ohms  per  volt  AC.  Current  readings 
from  I  microampere  to  SOO  milliam- 
peres.  Resistance  readings  from  '/)  ohm 
to  10  megohms.  Five  decibel  ranges, 
—  10  to  -I-S2  D8. 


Buy  War  Bonds  and  W  Stamps  for  Victory 
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ADVANTAGES  OF  THE 
DUPLEX  SPEAKER 

•  The  Altec  Lansing  multi¬ 
cellular  two-way  speaker 
provides  high  quality  sound 
uniformily  over  a  horizon¬ 
tal  area  of  60  degrees.  In 
the  vertical  plane,  the  area 
of  sound  distribution  is  a 
full  40  degrees.  Two  more 
reasons  why  the  Duplex 
speaker  revolutionizes  the 
methods  of  sound  repro¬ 
duction. 

SEND  FOR  BULLETINS 


AJTEC 


LANSING  CORPORATION 


1210  TOR  ILDC..  HOLLYWOOD  20.  GAUF. 


to  the  point  h  =  0,  and  the  other  is 
zero  plate  current. 

In  order  to  have  stable  operation, 
it  is  necessary  to  use  a  grid  circuit 
resistance  sufficiently  small  that  the 
IR  drop  across  the  grid  resistance 
is  small  compared  to  the  available 
grid  swing.  As  an  example,  if  the 
6J5  of  Fig.  2  were  to  be  used  it 
would  not  be  advisable  to  attempt 
to  use  a  grid  circuit  resistance 
greater  than  25  megohms.  With 
this  grid  resistor,  the  loss  of  bias 
due  to  grid  current  is  a  maximum 
of  0.1  volt.  In  many  cases,  this  loss 
can  not  be  tolerated  and  even  less 
grid  resistance  can  be  used. 

Comparison 

Figure  6  is  probably  the  most 
significant  set  of  curves  presented. 
This  shows  the  magnitude  of  vari¬ 
ations  in  grid  current  that  may  be 
expected  from  tube  to  tube.  Tube 
No.  1  is  the  best  of  a  group  of  12 


Type  3a  fer.tode 

E.-E„-23  5vd-i 


'Tl  7 

'fub€Noi 

XJ 

1 

1 

-3 

Ec  tn  Voltsld-c) 


Fig.  6 — Curves  of  grid  currant  obtained 

from  three  tubes  of  the  same  type 

*1 

type  38  tubes  purchased  about  three 
years  ago.  Tube  No.  2  is  an  average 
tube  and  tube  No.  3  is  a  very  poor 
tube  which  was  purchased  recently.  | 
This  is  not  meant  to  infer  that  ; 
tubes  of  recent  manufacture  are 
poorer  with  respect  to  grid  current 
than  older  tubes  since  only  two  re¬ 
cent  tubes  were  available  for  test. 
It  is  quite  obvious  from  this  data 
that  the  type  38,  on  the  average, 
shows  superior  grid-current  char¬ 
acteristics. 

Two  tubes,  whose  grid  current 
approximated  that  of  tube  No.  1, 
were  used  in  a  balanced  bridge  cir¬ 
cuit  for  measuring  small  light  in¬ 
tensities  falling  on  a  pair  of  type- 
929  phototubes.  The  amplifier  was 
stable,  and  reliable  data  was  ob- 


GET  IMMEDIATE  SHIPMENT  ON  INDUSTRIAL 


-15X10’’ 
ilO’*  I 


Modern  production  sys¬ 
tems  require  fast-acting 
electronic  control  and  measure¬ 
ment  methods  to  keep  pace  with 
high  speed  output.  The  rugged, 
high-power  IGNITRON  recti¬ 
fier  tube  pictured,  for  instance, 
s|>eeded  the  aluminum-magne¬ 
sium  program  by  supplying  the 
vast  amount  of  D.C.  power  re¬ 
quired.  Industry  everywhere 
needs  increasing  numbers  of 
transmitting,  X-Ray,  Cathode 
Ray,  Photo-electric,  rectifying, 
and  grid  control  tubes. 

W-J  specializes  in  giving 
coast-to-coast  emergency  service 
on  industrial  tubes  and  other 
electronic  supplies.  Days,  often 
weeks,  are  saved.  Vital  produc¬ 
tion  and  research  schedules  are 
maintained  with  this  unique 
service.  Write  or  phone  for 
complete  information.  Or,  test 
us  today  .  .  .  with  an  order! 

ASK  FOR  W-J  AVAILABILITY  LIST. 


f^adio  OtidA 


^ufiplied- 


WALKER-JIMIESON,  INC. 

311  $.  WESTERN  AVE.,  CHICAGO  12 

PHONE  CANAL  2525 
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More  than  350  standard  ratings  to  choose  from, 
in  sizes  and  shapes  to  meet  your  requirements  best 


COMPACTNESS  —  High  capacitance  per  cubic  inch,  because  of 
Pyranol’s  unusual  dielectric  properties. 

SPACE-SAVING  SHAPES —  Many  of  the  ratings  are  available  in 
oval,  cylindrical,  or  rectangular  cases  to  make  your  design  problems 


CONVENIENCE—  They  will  work  equally 
well  mounted  in  any  position. 

DEPENDABILITY —  Hermetically  sealed  for  ! 

permanence  and  uniformity  of  characteristics. 

LONG  LIFE—  Ensured  by  superior  materials, 
supervised  manufacture,  individual  testing.  j 

Pyrmnol  is  the  G~E  trade  name  for  aakarel,  a  syn¬ 
thetic,  non  inflammable  liquid  used  in  treating  G-E 
capacitors.  ^  _  *•**« 


PtBAIiOt  CAPACtlSi^ 


tained  at  light  levels  which  gave  a 
-photo  current  of  approximately  10'" 
’amperes.  A  grid  circuit  resistance 
of  5  X  10*  ohms  was  used. 

It  may  be  concluded  from  this 
data  that  grid  circuit  resistance  up 
to  .a._possible  maximum  of  5  x  10’ 
ohms  can  be  used  with  number  of 
the  common  receiving  type  vacuum 
tubes.  If  it  is  necessary  to  go 
higher  than  this,  it  will  be  neces¬ 
sary  to  pick  the  tubes  to  be  used  by 
actual  measurement  of  grid  current 
and  to  operate  the  tubes  at  a  plate 
voltage  not  exceeding  about  40  volts 
and  a  heater  or  filament  voltage  20 
percent  below  normal.  I 


Speed  Up 
Power  Tool 
Assembly 


Electronarcosig  Therapy 

The  use  of  an  electric  current  for 
inducing  convulsions  was  reported 
by  Cerletti  and  Bini  in  1938,  and 
since  then  this  method  has  grad¬ 
ually  replaced  both  insulin  and  con- 
vulsant  drug  therapy. 

Insulin  ha.s  been  used  in  the 
treatment  of  insanity  for  several 
years.  A  coma  is  produced  by  the 
injection  of  sufficient  insulin  to  re¬ 
duce  the  blood  sugar  to  a  point 
where  the  patient  is  unconscious. 
This  condition  is  maintained  for 
some  time  and  is  often  accompan¬ 
ied  by  convulsions. 

It  was  noted  by  many  psychi¬ 
atrists  that  these  convulsions 
seemed  to  produce  an  especially 
marked  improvement  in  the  pa¬ 
tient’s  mental  condition,  so  various 
more  directly  convulsant  drugs 
were  used.  About  the  same  effect 
was  produced  with  a  considerably 
simpler  technique. 

In  the  electroshock  treatment,  an 
electric  current  is  passed  through 
the  brain  by  the  application  of  con¬ 
ducting  electrodes  to  the  intact 
scalp  on  the  sides  of  the  head.  From 
70  to  150  volts  at  a  frequency  of  60 
cycles  is  usually  applied  for  a  per¬ 
iod  of  0.1  to  0.5  seconds.  (An  elec¬ 
tronic  timer  for  this  purpose  is  de¬ 
scribed  by  Paul  Traugott  in  the 
November,  1943  issue  of  Electron¬ 
ics  and  its  circuit  is  shown  in  the 
illustration.) 

Brain  Current 

The  total  current  flow  between 
the  electrodes  is  ordinarily  between 
300  and  1000  ma.  A  very  small  per¬ 
centage  of  this  current  actually 
passes  through  the  brain,  most  of  it 


•  This  Palnut  Socket  for 
•Yonkoo  and  power  drivers 
has  a  spring  finger  inside 
which  holds  Palnuts  securely 
in  socket  while  starting  them 
on  thread  and  tightening  to 
locked  position. 


Your  workers  can  pick  up  Palnuts 
automatically  with  a  power  driver 
from  a  ^^supply  tray”,  then  run  them 
onto  work  without  handling  or  start¬ 
ing  with  fingers. 

This  is  possible  only  with  Palnuts 
bet'ause  of  their  unique  construction. 
Rounded  top  permits  easy  pick-up 
with  simple  Palnut  socket  attach¬ 
ment.  Eliminates  fumbling  and  fre¬ 
quent  dropping  of  nuts.  Assembles 
speedily  in  any  position,  whether 
driver  is  vertical  or  horizontal. 

OTHER  SAVINGS!  One  Palnut  takes  the 
place  of  a  nut  and  lock  washer.  You 
tighten  and  lock  with  one  piece,  saving 
parts — time — weight^-cost,  while  speeding 
assembly. 

Send  description  of  your  assembly  for 
specific  recommendations  and  samples. 
Write  for  Palnut  Manual  No.  2,  which 
gives  detailed  information. 


When  the  Palnut  is 
tightened,  its  arched, 
slotted,  spring  steel  jaws 
grip  the  bolt  like  a  chuck 
(B-B),  while  spring  ten¬ 
sion  is  exerted  upward  on 
the  bolt  thread  and  down¬ 
ward  on  the  part  (A-A), 
securely  locking  both. 


THE  PALNUT  COMPANY 

77  Cordier  St.  Irviagtoa  11,  N.  J. 
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HARDENING 


BRAZING 


FORGING 


AJAX  ELECTROTHERMIC  CORPORATION 


TRENTON  5,  N.  J 


uaCCA  ajax-northrup 


The  little  coil  pictured  above  focuses  6  kilowatts  of  high- 
frequency  current  into  a  small  complicated  joint,  and 
produces  perfectly  brazed  bourdon  gouge  ports  at  on 
amazing  rate  of  speed  —  at  low  unit  heating  cost,  with 
no  distortion  and  no  clean-up  required. 

Aptly  named  a^  focus  inductor,  the  coil  was  designed 
by  Ajax-Northrup  engineers  to  control  and  accurately 
concentrate  the  heat  —  no  need  to  heat  the  whole  part 
just  to  braze  one  small  joint.  . 

This  particular  coil  may  not  fit  your  work,  but  suitable 
inductors  or  furnaces  can  be  designed  to  do  your  pro¬ 
duction  heating  jobs  with  higher  speed  and  quality. 
By  simply  changing  inexpensive  coils  and  jigs,  you  can 
do  several  operations  with  the  same  Ajax-Northrup 
equipment. 


AJAX-NORTHRUP 


For  over  a  quarter  of  a  century  Ajax-Northrup  en¬ 
gineers  have  successfully  solved  hundreds  of  heat¬ 
ing  problems  with  focused  high-frequency  heat. 

We  may  already  have  solved  problems  similar  to 
yours.  Call  on  the  full  weight  of  our  experience  to 
help  you  revolutionize  your  production  heating 
and  melting  for  war  now  and  for  peace  later. 


AJAX-NORTHRUP 

HIGH-FREQUENCY 


HEATING 


ftSUCIME  COMMIIES  .  .  .  THE  lJU  METU  CONPUT.  NM-Eimn  lipt  Mitals. 
AJEl  ElECTIIC  FURNiCE  CORPORITIOR.  AJii-WFitt  l•Rltll(l  Fitncit. 
AJU  ElECTIIC  COMPART.  IRC.  Aiu  IMIirN  SMI  Rati  Fmcts. 

RJAI  ERSIIEERIRS  CORPOIATIOI.  AMm  Hiltl^  Fmucm. 
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flowing  through  the  scalp.  When 
the  current  is  applied,  the  patient 
goes  into  a  convulsion  closely  re 
sembling  an  epileptic  seizure,  which 
ceases  in  a  few  seconds.  He  usually 
becomes  conscious  in  9  or  10  min¬ 
utes,  but  remains  somewhat  con¬ 
fused  for  about  a  half  hour.  Ex¬ 
cellent  results  have  been  reported 
with  this  method  in  some  types  of 
insanity  especially  manic  depressive 
psychosis  and  schizophrenia. 

An  interesting  variation  of  the 
above  method  is  electronarcosis,  de- 
.scribed  by  Drs.  Frostig,  van  Har- 
reveld,  Reznick,  Tyler,  and  Wiersma 
in  the  Archives  of  Neurology  and 
Psychiatry,  51:  232-242,  1944.  In 
1902,  Leduc  produced  electronar- 


PLUS 


From  the  tropics  to  the 
arctics  — on  land,  sea  and 
in  the  air,  HARDWICK, 
HINDLE  resistors  and  rheo¬ 
stats  are  serving  with 
distinction. 


Circuit  oi  electionic  timer  tor  control  of 
therapeutic  electric  shocke.  The  aeon 
bulb  is  used  as  a  voltage  stabiliser  in 
the  screen-arid  circuit 


cosis  in  dogs  by  passing  a  unidirec¬ 
tional  pulse  current  from  the  head 
to  the  sacrum,  and  later  tried  it  on 
himself,  with  the  assistance  of  Mal¬ 
herbe  and  Rouxeau.  After  the  ap¬ 
plication  of  the  electrodes,  the  cur¬ 
rent  was  slowly  increased.  At  a  low 
level  there  was  considerable  discom¬ 
fort  at  the  site  of  the  electrodes, 
which  ceased  on  further  increase  of 
the  current.  He  soon  lost  his  abil¬ 
ity  to  speak,  and  at  a  slightly  higher 
level  was  unable  to  move.  He  heard 
what  was  said  to  him,  but  under¬ 
standing  was  dreamlike  and  pain¬ 
ful  stimuli  felt  dull  and  far  away. 

About  1910,  electronarcosis  wa.«; 
used  as  a  method  of  anesthesia  in 
a  few  clinical  surgical  operations 
with  some  success.  The  present 
study  was  apparently  not  made  with 
electrical  anesthesia  especially  in 
view,  but  to  elucidate  further  the 
physiology  involved.  The  first  ex¬ 
periments  were  performed  on  dogs. 


HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 

DIVISION  OF 

THE  NATIONAL  LOCK  WASHER  COMPANY 

ESTAlliSHED  1IS6 
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RELAY 


Th«  Allied  BOL  relay— a  power*  relay  built  to 


operate  on  8.S  watts  and  to  withstand  5.0  watts 


continuously  applied. 


Can  also  be  supplied  as  a  time  delay  relay  slug¬ 


ged  for  slow  operation— slow  release  or  slow>action. 


Now  aTailable  in  8  pole  construction.  3  and  4 


pole  construction  available  shortly. 


Orcrall  m*  8%”  x  t%"  x 


Weight  8  ou. 


Wrff*  tor  tho  latest  AMIad  catalog  daicrttoig 


typo  SOI  and  other  prodmon-hodt  rotayt. 
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^ALLIED  CONTROL  COMPANY,  INC. 

2  EAST  END  AVE.  (AT  79th  STUBCT)  NEW  YORK,  N.Y. 

FACTORIES:  NEW  T0«K  •  FlLNTSVIllI  •  CHICA60  •  lOS  ANCIIIS 


ALLIED 


RELAYS 


allied 

radio 


FAST,  EFFICIENT 
NATION-WIDE  SERVICE 


save  time  •  .  .  call  ALLIED  first 

From  every  corner  of  the  Nation  . . .  come  calls 
to  ALLIED  for  "rush  delivery"  of  vital  sup¬ 
plies  —  supplies  to  keep  production  humming 
.  .  .  aid  laboratory  research  .  .  .  help  men  in 
training  and  men  in  action.  For  it’s  well- 
known  that  in  this  arsenal  of  supply  are 
centralized  today’s  largest  and  most  complete 
stocks  under  one  roof . . .  over  10,000  electronic 
and  radio  items! 

Furthermore,  our  close  contact  with  all 
leading  manufacturers  enables  us  to  speed 
procurement  of  "hard-to-get”  items. 

Wherever  you  are  . . .  whatever  you  need  . . . 
call  Allied  First,  Our  central  location  in  the 
heart  of  U.  S.  transportation  means  faster 
service  .  .  .  all-ways! 

NEW  R-r  RESONANCE  and 
COIL  WINDING  CALCULATOR 

Easy  to  use!  For  fast  ac- 
curate  determination  of 
resonance  factors  and  coil 
winding  data.  No.  37>959, 

Postpaid,  2  Sc. 


*  CcMpIctc  Up-tc-detc 

BUYING  GUIDE 

Write,  Wire  or  Phone  Haymarket  6800 


the  later  experiments  on  schizo 
phrenic  patients  as  a  variant  of  the 
standard  electroshock  therapy. 

Apparently  any  current  capable 
of  stimulating  the  central  nervous 
system  can  be  used  to  produce  elec¬ 
tronarcosis.  This  requires  a  moder¬ 
ately  rapid  variation  of  current  in 
duration  and  slope,  Tepeated  at  a 
suitable  frequency.  Sixty  or  fifty - 
cycle  alternating  current  is  most 
generally  available,  so  all  of  the  ex¬ 
periments  were  done  with  this 
power  source. 


Effect  on  Humans 


In  the  dog,  it  was  found  that  the 
symptoms  shown  on  application  of 
the  current  were  quite  variable, 
ranging  from  a  quiet  narcosis  to  vi¬ 
olent  convulsions.  In  man,  there 
are  always  some  convulsive  symp¬ 
toms  present  but  they  never  reach 
the  intensity  shown  in  the  dog.  The 
initial  current  used  was  150  to  260 
ma  for  thirty  seconds,  after  which 
it  was  decreased  to  a  point  where 
respiration  returned,  between  46 
and  90  ma.  Nine  schizophrenic  pa¬ 
tients  were  used  as  the  subjects  in 
the  human  experiments  and  a  total 
of  over  100  electronarcoses  were  in¬ 
duced.  All  had  shown  signs  of  de¬ 
mentia  praecox  for  over  four  years, 
and  were  physically  healthy. 

Application  of  the  current  was 
immediately  followed  by  a  light¬ 
ning-like  movement  of  the  arms  and 
legs,  followed  by  a  phase  of  rigid¬ 
ity.  The  chest  was  fixed  in  a  posi¬ 
tion  of  maximal  inspiration  and 
there  was  complete  arrest  of  respir¬ 
ation  during  the  high  initial  cur¬ 
rent  flow.  It  usually  resumed  after 
reduction  of  the  current  to  the 
lower  prolonged  level,  but  was  some¬ 
times  delayed  for  a  total  of  50  to 
70  seconds.  The  heart  stopped 
beating  for  a  few  seconds  after  cur¬ 
rent  flow  started  and  then  started 
again  at  a  low  rate,  about  20  per 
minute.  The  eyes  were  closed  and 
the  pupils  were  constricted  and  did 
not  react  to  light.  In  women,  an 
erection  of  the  nipple  occurred. 

When  the  current  was  decreased, 
the  rigidity  ceased  and  there  were 
usually  a  few  seconds  of  coarse 
shaking  and  clonic  twitches.  The 
patient  was  then  in  a  relaxed  stage 
for  three  to  five  minutes.  Spontan¬ 
eous  movements,  primitive  in  char¬ 
acter,  appeared  thereafter.  The  su¬ 
pine  patient  tried  to  roll  over  or  sit 
up.  Reflexes,  which  had  been  ab 
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wnique  research,  engineering,  tool 
design  and  production  skills  combine, 
not  only  to  build  control  devices  that 
fulflil  the  most  exacting  requirements, 
but  also  Id  build  special  purpose 
devices  for  which  no  specifications  exist. 
Our  list  of  customers,  the  most  exacting 
in  government,  aviation  and  monu- 
facturing,  attest  to  these  skills. 

Manufacturers  of 


and  Components  . . .  for 
Electric,  Electronic  and 
Mechanical  Applications 


AN  OUTSTANDING  DESIGN! 
VSO  H.P.  CAPACITOR  MOTOR 

TYPE  J-70 

SEVEN  weeks  from  inquiry  to  delivery  ...  3  weeks  to  engineer 
final  sample  ...  4  weeks  to  production. 

60  Cycles,  1 1 5  Volts  •  Single 
Phase- 3400  R.P.M.  •  Low  tem¬ 
perature  rise  •  High  efficiency: 

Diameter  3Vi6^»  Overall 
length  3V8*,  Shaft  diameter 
Vi6*»  Weight  3  lbs.  Appli¬ 
cations  are  for  driving 
blowers  in  high  ambient 
temperatures  and  for 
powering  small  control 
devices  of  all  types. 


-  THE 
CONDENSER 
LINE  OF 
UNSURPASSED 
QUALITY 


PAPER,  OIL  AND  ELECTROLYTIC  CONDENSERS 


INDUSTRIAL 


CONDENSER  CORPORATION 

1725  W.  NORTH  AVE.,  CHICAGO,  U.  S.  A, 


DISTRICT  OFFICES  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FROM  DISTRIBUTOR'S  STOCKS 


sent  during  the  earlier  period,  be 
gan  to  reappear.  The  pupils  bega 
to  react  to  light.  After  the  initiiil 
symptoms  had  passed,  the  respir¬ 
atory  and  heart  rates  were  consid¬ 
erably  higher  than  normal. 

Subject’s  Sensations 

*  The  patients  were-  unconscious 
during  the  entire  applications  of 
the  current,  but  some  patients 
stated  that  they  remembered  a 
flash  of  light  at  the  beginning  of 
the  treatment,  which  may  have 
been  due  to  the  stimulation  of  the 
optic  system  by  the  high  initial 
current.  It  is  interesting  to  note 
that  according  to  the  results  ob¬ 
tained  in  electroshock  therapy  and 
electronarcosis,  electrocution  is  ap¬ 
parently  completely  painless.  No 
patient  reported  any  unpleasant 
sensations  during  electronarcosis 
A  few  minutes  after  termination  of 
the  treatment  the  patient  usually 
reacted  to  his  name  and  a  few  min¬ 
utes  later  tried  to  answer  questions. 

In  the  dog,  the  placement  of  the 
electrodes  had  little  effect  on  the 
results,  which  would  be  expected 
because  the  brain  of  the  dog  is  quite 
small  in  comparison  to  the  muscu¬ 
lar  and  bony  covering.  These  fac¬ 
tors  tend  to  equalize  the  current 
flow  in  various  parts  of  the  brain 

In  man,  the  main  symptoms  of 
electronarcosis  were  unchanged  by 
the  placement  of  the  electrodes,  but 
there  were  minor  differences.  Low 
placement  of  the  electrodes  caused 
a  profuse  secretion  of  saliva  and 
tears,  which  was  not  present  with 
the  electrodes  higher  on  the  head. 
With  the  electrodes  over  the  front 
part  of  the  skull,  the  pupils  were 
constricted  and  did  not  react  to 
light  in  the  first  period  of  the  elec¬ 
tronarcosis.  With  the  electrodes 
farther  to  the  back,  the  pupils  were 
less  constricted  and  reacted  to  light 
earlier.  With  the  occipital  location, 
there  was  greater  respiratory  de¬ 
pression  than  with  the  frontal  lo¬ 
cation. — W.E.G. 


WHEN  GENERAL  INGLES  was 
in  the  South  Pacific,  he  visited  one 
headquarters  in  New  Guinea  which 
consisted  of  a  one-story  shack  made 
of  salvaged  lumber  and  grass.  He 
said  he  began  to  feel  at  home  when 
he  saw  a  sign  as  tall  as  the  shack, 
on  which  was  painted  “The  Penta¬ 
gon.” 


foots,  P 
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MACHINERY  and  MANPOWER 
...Yours  on  Contract- 


like  adding  a  wing 
to  your  plant" 


Looking  for  new-unit  production  without 
crippling  your  own  manufacturing  facili¬ 
ties?  Hesitant  about  calling  outside  help? 
Consider  these  facts : 

F(X)te.  Pierson  is  a  48  year  old  organization 
engaged  in  contract  manufacture  during  a 
large  part  of  its  business  life. 

Foote.  Pierson  puts  at  your  disposal  a  mod¬ 
ern  machine  shop  well  equipped  cmd  laid 
out  to  accommodate  quick  change-overs. 

At  its  machines  —  its  drills,  lathes,  millers, 
presses— are  loyal  groups  of  workers  with 
a  surprisingly  high  proportion  of  skilled 
men  and  women. 


In  charge  of  this  personnel  is  a  group  of 
trained  technicians.  Their  varied  work  at 
Foote,  Pierson  insures  resourcefulness  and 
ingenuity  . . .  applied  specialized  knowl¬ 
edge  to  the  fresh  challenges  of  new  prob¬ 
lems  . . .  starts  with  planning  . . .  super¬ 
vises  the  mcmufacture  of  product  or  con>- 
ponent,  whichever  you  need  . . .  controls 
o()erations  in  plating  and  finishing,  assem¬ 
bly,  inspection  and  checking,  packing, 
warehousing  and  storage.  The  company's 
Newark  plant  is  favorably  located  for  rail, 

water  and  air  freight. 

• 

Talk  over  your  product  ideas  now  with 
Foote.  Pierson.  Learn  how  this  specialized 
manufacturing  organization  is  qualified  to 
make  parts  or  articles  for  you  and  to  de¬ 
liver  them  to  you  or  to  your  markets. 


73  Hudson  Streft 


ES 


N[eu;arl<  4,  N.  J- 


^oot0,  Picrt^n.  htlp^d  pion»%r  inttrvm*nf$  used  in  municipal  fir*  and  poliea  alarm  sytfams,  stock  tickors,  X-rmy  apparatus,  many  components  of  telegraph 

equipment,  instruments  and  aircraft  radio  communication  apparatus. 
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■■  w/WKEEP  THE 

"TRAFFIC" 

CRYiTAL  CLEAR 


Pan>El  Control  Crystals  are  busy  doing  a  job  in  a  wide 
variety  of  fields.  Wberever  vji.f.  is  at  worit  closing  the 
gap  between  mobile  units,  these  precise  little  bits  of  crystal 
are  keeping  the  “traffic”  on  fretfueney,  warding  off  stray 
signals. 

Postwar  the  field  will  broaden.  In  fm  and  in  many  other 
radio  and  electronic  devices,  crystal  control  will  be  relied 
upon,  increasingly. 

So  we  are  ready  to  assure  electronics  manufacturers  a 
supply  of  crystals  delivered  on  regular  schedules,  at  com¬ 
mercial  prices,  and  in  all  crystal  frequency  ranges. 

And  we  are  ready  to  consult  with  electronics  engineers,  to 
aid  without  obligation  in  the  development  of  circuits,  in 
(he  application  of  new  circuits  made  possible  by  certain 
of  our  special  crystals. 

Call  on  us,  won’t  you,  if  we  can  help? 


P  AN-ELectron  ics  LAB  oratories, 

500  Spring  St.,  N.  W.,  Atlanta,  Georgia 


Capacitor 

Plates 


(Continued  from  page  186) 


one*  that  makes  E  a  minimum. 

Adding  T  to  both  sides  of  Et). 
(17)  gives 

p* 


S  T 


B  rB*T 


+  T 


(1S> 


Differentiating  Eq.  (18)  with  re 
spect  to  T,  remembering  that 
(S  +  T)  is  constant,  and  then 
equating  dE/dT  to  zero  results  in 
the  condition 


—  -  V' 

ET  ^ 


(19) 

in  (17) 


Substituting  Eq.  (19) 
results  in 

5/r  -  1-1-  V  T  =  2.77  (20) 

as  the  best  ratio  of  plate  spacing 
to  plate  thickness.  Note  that  the 
best  value  of  S/T  as  found  above 
falls  within  the  limits  suggested  by 
Ekstrand. 


Altaraofa  Forms 


-  (  — - H  1^ 

ET\irET^  ) 


(21) 


Equation  (17)  may  be  made  more 
symmetrical  by  dividing  through 
by  T. 

jS  ^ 

T  “  ET\rET 
Another  useful  form  is 
E 

E„  ”  2  V 
where  E^r  =  v/S. 

The  form  of  Eq.  (21)  suggests 
that  it  may  be  generalized  into 


1  -h 


1-h^' 

rT, 


(22) 


V 

Wr 


(2:0 


» ■■ 

+1 

n  =  0 

where  iir„  is  to  be  determined  by 
experiment. 

Ekstrand*  published  some  meas¬ 
urements  on  the  sparkover  voltages 
of  three  capacitors  with  rounded 
edges  at  frequencies  of  60  cycles. 
700  kc  and  1500  kc.  Table  (1)  lists 
calculated  values  of  maximum  grad¬ 
ients  on  these  capacito»'8  as  deter¬ 
mined  by  means  of  Eq.  (22).  Any 
modification  by  corona  of  effective 
plate  thickness  has  been  neglected. 


Frcqiicaey-iRdcpciidMt  Sparkover 

At  GO  cycles,  the  calculated  max¬ 
imum  gradients  at  sparkover  do  not 
vary  more  than  about  ten  percent, 
with  a  mean  value  of  83.8  kv  per 
inch.  This  value  for  the  sparkover 
gradient  is  of  the  expected  order 
for  low  frequencies.  Only  one  ca- 
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F.ORMERLY  SINKO  TOOl  &  MANUFACTURING  CO. 

351-359  NORTH  CRAWFORD  AVfHUE  •  CHICAGO  24,  ILLINOIS 

REP^ESEHTATtViS:  POTTBk  &  DUGAN,  INC,  29  WILKBSON  STREET,  BUffALO  2  •  PAUL  SEILER, 
7779  CORTLAND  AVENUE,  DETROIT  4  •  QUEtSSER  BROS.,  108  E.  NINTH  STREET,  INDIANAPOLIS  2 


4^antay  Corporation  introduces  its  new 
trademark - 

**Symbol  of  Precision  Craftsmanship !" 
Whenever  you  see  it  associated  with  a  thermo¬ 
plastic  product,  metal  stamping  or  electro-me¬ 
chanical  assembly,  you’ll  know  that  Santay’s 
specialized  precision  craftsmanship  has  been 
and  always  will  be  employed  to  give  you 
the  greatest  possible  satisfaction. 
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pacitor,  with  a  ratio  of  S/T  equal 
to  1.706,  approximates  this  valut* 
for  700  and  1500  kc.  The  other  two 
give  breakdown  gradients  pro¬ 
gressively  lower  for  increasing  fre¬ 
quencies.  These  facts  seem  to  indi¬ 
cate  that  a  critical  value  may  exist 
for  8/T,  below  which  sparkover  be  ¬ 
comes  relatively  independent  of  fre¬ 
quency. 

Note  that  the  sparkover  per¬ 
formance  of  these  three  capacitors 
at  60  cycles  can  be  predicted  from 
Eq.  (22),  at  least  to  common  engi¬ 
neering  accuracy.  For  use  in  test¬ 
ing  this  relationship  further,  Eq. 
(21)  and  (22)  are  plotted  in  Fig.  2. 

Implications  of  the  foregoing 
analysis  suggest  several  leads  for 
experimental  verification  or  quali¬ 
fication,  as  follows: 

(a)  Verification  of  the  best  value 
for  S/T. 

(b)  Evaluation  of  K,  in  Eq. 
(23). 

(c)  Determination  of  the  rela¬ 
tion  between  corona  onset  and 
the  radius  of  curvature  of  the  plate 
edge. 

(d)  Effect  of  increasing  fre¬ 
quency. 

Referbncbb 

(1)  Peek.  F.  W.,  “Dielectric  Phenomena  In 
High  Voltage  Engineering/’  third  edi¬ 
tion,  McOraw-Hlll  Book  Co.,  1929.  |», 
30-31. 

(2)  Ekstrand,  P.  A.,  Radio-Frequency  Spurk- 
Over  in  Air,  Proe.  I.  R.  E.,  tS.-No.  6. 
June,  1940,  p.  262-266. 

(8)  Same  aa  (1),  chapters  4  and  5. 

(4)  Darrow,  K.  K.,  'Electrical  Phenomena 
in  Oases,’’  Wiiliams  and  Wilkins  Co., 
1932,  chapter  9. 

(B)  Ollendorf,  R.  R.,  and  Pohlhausen,  K., 
“Theory  of  Functions,”  TechnologT 
Press,  1942.  p.  138-140. 


RECTIFIERS 
k.  869-B 


FOR  HIGH 
VOLTAGE 


MERCURY 
k  VAPOR 


WltkataadM  Hlgk  -  peak  lavernr 
ValSagea  with  No  Arc  Back 

Bcalgacd  for  ROlTf^HEK  IJisc  — 
WIthstaadH  VIhralloa 


X-RAY  CLIPPER  SPARS 


IDEAL  for  INDUCTION  HEATING 


MAXIMUM  PEAK  INVERSE  ANODE  VOLTAGE  (25-150  cycles)  =  20,000  volts. 

Maximum  Peak  Anode  Current  (25-150  cycles)  =10  amperes 
Average  Anode  Current  2.5  amperes  (In-phase  filament  excitation) 
Typical  Conditions  In  A  SInglo  Photo.  Fnll-Wave  Circuit  12  tubosi 

A.C.  Input  voltage,  7070  (RMS  per  tube) — D.C.  Output  voltage,  6360 
Maximum  D.C.  Load  current — 5  amperes 

ARPIN  575.A  MERCURY  VAPOR  RECTIFIER 

Two  tubes  for  iuU-wc(vo  rectification  in  single  phase  circuits  deliver  5000  volts 
D.C.  at  3  amps,  with  good  regulation.  Filament  5  volts,  10  amps.  Peak  plate 
current  6  amps.  Peak  inverse  voltage  15.000  volts.  Fully  guaranteed. 


Write  Today  for  the 
NEW  ARPIN  CATALOG 


To  insure  safety  in  flight,  duralumin 
spars  of  the  extensive  wing  section  of  a 
Clipper  ore  x-rayed  for  possible  hidden 
flows  ihot  escape  visual  inspection 


422  Alden  Street 
Orange,  New  Jersey 
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•  •  These  capacitors  are 

engineered  by  Centralab  for  spe¬ 
cial  applications  .  .  .  accumulative 
\  capacities  ranging  from  2MMF  to 
20MMF  in  zero  temperature  coeffi¬ 
cient  ...  to  4MMF  to40MMF  in  max¬ 
imum  negative  (N750  PPM)  tem¬ 
perature  coefficient. 

Individually  the  capacity  ranges 
are  as  follows: 

855  2MMF  to  5MMF  in  zero  T.  C. 

,  4MMF  to  lOMMF  in  N750 

854  5MMF  to  lOMMF  in  zero  T.  C. 
lOMMF  to  20MMF  in  N750 

853  lOMMF  to  20MMF  in  zero  T.  C. 
20MMF  to  40MMF  in  N750 

Working  voltages  from  8,000  to 
10,000  D.C.  Energy  dissipation  up 
to  2  KVA  with  15’C  rise. 

End  lead  or  axial  screw  terminals 
available. 

Send  ior  Bulletin  No.  814. 


Producers  of  Variable  Re¬ 
sistors  •  Selector  Switches 
•  Ceramic  Capacitors, 
Fi)ied  and'Variable  • 
Steatite  Insulators. 


Division  of  GLOBE-UNION  INC.,  Milwaukee 
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NEWS  OF  THE  INDUSTRY 

Television  possibilities;  postwar  technical  education; 
Coast-Guard  radio;  plant  broadcasting;  relay  experi¬ 
ments;  conventions;  notes  from  Washington  on  produc¬ 
tion,  station  sales,  and  communications  fellowships 

Toward  a  Standard  Television  Picture  Tube 


One  standard  flat-faced  10-in  tele¬ 
vision  picture  tube  may  result  from 
activities  of  Coniinsr  Glass  Co., 
makers  of  the  envelopes  for  prac¬ 
tically  all  cathode-ray  tubes.  Here¬ 
tofore  it  has  been  impossible  to  use 
automatic  equipment  on  production 
of  envelopes  because  of  the  wide 
range  of  sizes,  shapes,  and  composi¬ 
tions.  Hand-made  techniques  have 
been  responsible  for  high  prices. 

A  special  new  department  at 


Considering  that  480  of  the  917 
broadcasting  stations  in  the  U.  S. 
have  invested  less  than  $30,000  in 
equipment,  Leonard  F.  Cramer, 
executive  vice  president  of  Allen  B. 
DuMont  Laboratories  believes  the 
average  prospective  television 
broadcaster  of  the  future  will  be 
thinking  in  terms  of  station  costs 
near  $250,000.  Speaking  recently 
to  the  television  seminar  of  the  Ra¬ 
dio  Executives  Club  of  New  York 
he  presented  the  following  figures 
based  on  pre-war  costs: 

studio  Equipment  and  Transmitter 


2  Iconoscope  cameras  mounted'v 

on  push  dollies  . v$23,000 

Studio  Control  Desk . | 

Electrically  controlled  camera  • 

dolly .  2.500 

2  Special  film  projectors .  12,000 

2  Iconoscope  film  pickup  cameras  6,000 

Master  control  board .  35,000 

Transmitter,  25  kw  video — 12.5 

kw  audio,  with  control  console  65,000 
Antenna  .  10,000 


1153,500 

Field  Pickup  Equipment 


2  Field  pickup  cameras  with 

controls  .  $24,000 

Relay  transmitter  .  8,000 

Relay  receiver  .  2,000 

Field  audio  equipment .  1,500 

Truck  with  generator  and  an¬ 
tenna  .  5,000 


$40,500 

Installation,  Sound,  Lighting 

Studio  installation  .  $15,000 

Soundproofing,  elec,  wiring,  etc..  25,000 


Corning  will  combine  the  develop¬ 
ment  of  envelopes  with  development 
of  machinery  for  large-quantity 
production.  Having  surveyed  the 
field,  the  company  feels  that  stand¬ 
ardization  is  quite  feasible,  with 
particular  interest  having  been 
shown  in  the  10-in.  size.  Resulting 
picture  will  be  six  by  eight,  a  new 
size  for  American  receivers,  though 
used  in  British  sets.  Demand  is  esti¬ 
mated  at  one  million  tubes  a  year. 


studio  lighting,  sound  equipment. 


etc .  10,000 

Fireproofing  film  studio .  1,500 

Equipment  spares  and  test  in¬ 
struments  .  13,000 


$64,500 

TOTAL  . $258,500 


Middle 

Marvin  Camras,  right,  inventor  of 
the  magnetic  wire  recorder  devel¬ 
oped  at  Armour  Research  Founda¬ 
tion,  demonstrates  its  features  for 
Louis  P.  Birk,  director  of  public  in¬ 
formation  for  the  United  Nations 


Relief  and  Rehabilitation  Adminis¬ 
tration.  The  unit  is  to  be  taken  to  the 
Middle  East  for  use  in  refugee 
camps.  Health  and  hygiene,  friendly 
relations,  and  public  information 
and  instruction  will  be  featured. 


Rochester  Meeting 
Program 

Technical  papers  scheduled  to  be 
presented  at  the  Rochester  Fall 
War  Conference  on  Nov.  13  and  14 
include  the  following  subjects: 

The  Reactance  Theorem  for  a  Resonator, 
by  W.  R.  MacLean,  Polytechnic  Inst,  of 
Brooklyn. 

A  Resonant  Cavity  Method  for  Measariiie 
Dielectric  ProMrtles  at  U-H-F,  by^  C.  N. 
Works,  T.  W.  Dakin,  P.  Q.  Boggs,  Westliis- 
house  Elec.  &  Mfg.  Co. 

The  RCA  Laboratories  at  Princeton,  by 
E.  W.  Engstrom.  Radio  Corp.  of  America. 

Low  Frequency  Compensation  of  Multi¬ 
stage  Video  Amplifiers,  by  M.  J.  Larson  and 
A.  E.  Newlon,  Stromberg-Carlson  Co. 

Trends  in  Receiving  Tube  Design  and 
Application,  by  L.  R.  Martin,  Radio  Corp. 
of  .\merica. 

Standardisation  of  Capacitors  for  Civilian 
Equipment,  by  J.  I.  Cornell,  Solar  MfK 
Corp. 

Report  of  RMA  Director  of  Engineering. 
W.  R.  O.  Baker. 

The  Organisation  of  Research  in  tlip 
Radio  Industry  after  the  War.  by  Rupert 
Maclaurin,  Massachusetts  Inst,  of  Tech¬ 
nology. 

Elwtronlc  Tube  Trends,  by  R.  M.  Wise. 
Sylvania  Electric  Products  Inc. 

Silicone  Products  of  Interest  to  the 
Radio  Industry,  by  Shailer  L.  Bass  and 
T.  A.  Kauppi,  Dow  Corning  Corp. 

Designing  Tlioriated  Tungsten  Cathodes. 
^  H.  J.  Dailey,  Westinghouse  Elec.  A  Mfg 

Salvage  of 
Electronic  Products 

To  SALVAGE  AND  RECLAIM  every 
type  of  electronic  product  used  by 
the  Navy,  six  material  and  redis¬ 
tribution  centers  are  being  estab¬ 
lished  on  the  Pacific  Coast.  Obso¬ 
lete,  battle-worn,  and  surplus  equip¬ 
ment  is  to  be  reclaimed,  and  redis¬ 
tributed  as  replacements,  spare 
parts  or  scrap.  Centers  will  be  at 
Irvington,  Stockton,  Torrance,  and 
San  Francisco,  Calif.,  and  Salem, 
Ore. 

Walkie-talkies  are  the  particular 
consideration  of  recent  instructions 
sent  by  the  Signal  Corps  of  the 
Army  to  signal  depots  in  the  U.  S. 
and  abroad.  Older  rerailiating 
models  are  dismantled  and  stripped 
of  85  parts,  27  of  which  can  be  re¬ 
used  in  or  with  other  Signal  Corps 
equipment.  Even  the  quartz  crys¬ 
tals  are  turned  over  to  a  field  re¬ 
grinding  unit  for  further  use.  Re¬ 
sistors  and  capacitors  with  pigtails 
less  than  an  inch  are  reluctantly 
scrapped. 


Elections  in  RMA 

Recently  announced  department 
directors  of  RMA  include:  by-laws 
and  organization,  Leslie  F.  Muter; 
engineering,  W.  R,  G.  Baker;  in¬ 
dustry  reconversion,  A.  W.  Wells; 
NEMA  tube  classification,  W.  R.  G. 
Baker;  RTPB  television  reporting, 


Costs  for  Television  Broadcasting  Equipment 
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Ray  H.  Manson.  In  the  transmitter 
division,  the  following  section 
chairmen  have  been  listed:  radio 
transmitter  tubes,  H.  Cl  Vance ; 
broadcast  transmitters,  C.  W.  Mil¬ 
ler;  emergency  service  communica¬ 
tion,  F.  A.  Gunther;  aviation  equip- 
meixt,  J.  W.  Hammond;  marine 
equipment,  F.  R.  McMullen;  and 
piezoelectric  quartz  crystals,  G.  E. 
Wright. 

Other  section  chairmen  are : 
school  sound  systems,  amplifier  and 
sound  equipment  division,  Laur¬ 
ence  A.  King;  crystals,  parts  divi¬ 
sion,  F.  D.  Bliley;  insulations  (tub¬ 
ing,  tape,  sleeving,  varnishes,  and 
sealings),  parts  division,  John  W. 
Apgar;  metal  stampings  and  metal 
specialties,  parts  division,  W.  W. 
Barry;  plastics  and  molded  parts, 
parts  division,  R.  R.  Titus;  speak¬ 
ers  and  parts  (including  headsets 
and  magnets),  parts  division. 
Henry  C.  Forster. 


Police  Lineup  by  Television 

A  NEW  WEAPON  for  the  apprehen¬ 
sion  of  criminals  after  the  war  may 
well  be  the  telecast  police  lineup  by 
which  a  central  station  might  famil¬ 
iarize  police  over  a  large  area  with 
the  lawbreakers  under  current  cus¬ 
tody.  Speaking  before  a  meeting  of 
the  New  York  State  Association  of 
Chiefs  of  Police,  Commissioner  Ed¬ 
ward  J.  Hickey  of  the  Connecticut 
State  Police  hoped  such  facilities 
might  be  available  to  combat  a  pos¬ 
sible  post-war  crime  wave. 

In  another  talk  at  the  same  con¬ 
ference,  Frank  J.  Wilson,  chief  of 
the  U.  S.  Secret  Service  suggested 
that  similar  facilities  could  be  used 
to  make  the  public  familiar  with  the 
particular  tricks  of  confidence  men 
thought  to  be  operating  in  a  certain 
area,  to  dramatize  the  conditions 
leading  to  juvenile  delinquency,  and 
to  generally  aid  in  law  enforcement. 


Large-Screen  Television 
Prospects 

Based  on  use  of  the  Skiatron  and 
supersonic  light  relays  which  make 
it  possible  to  project  a  great  num¬ 
ber  of  picture  elements  simultan¬ 
eously,  Scophony  Corp.  of  America 
expects  to  merchandise  a  postwar 
home  television  receiver  with  a  flat, 
projected  picture  18  x  14i  in.  for  a 
price  somewhere  in  the  vicinity  of 
$200. 

A  similar  model  was  introduced 
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OFFICES  EVERYWHERE 


FREQUENCY  METERS 


IubqI*  Coaditioiis— On*  of  Iho  laboratory  taats  simiilating  Bold  uso  ia  a  minimum  run  of 
120  hours  at  120*  F,  95  RH.  Componant  parts  hava  piaaiously  baan  tastad  at  180*  F. 


IF  you  had  to  work  in  a  jungle,  the 
stifling  heat  and  humidity  ap¬ 
proaching  the  saturation  point  might 
get  You  ...  but  not  J-B-T  Frequency 
Meters.  These  meters  can  take  it . . . 
and  do . . .  heat  and  moisture  notwith¬ 
standing. 

Suspended  in  open  bottom  bell  jars 
over  steaming  water,  J-B-T  Fre¬ 
quency  Meters*consistently  indicate 
correct  frequency  or  speed  although  dripping  wet.  This  is  so  because 
in  J-B-T  simplified  construction,  the  only  moving  part  i  i  ->»■ 

is  the  reed,  which  throws  off  moisture  as  it  operates,  J  ^ 

and  because  all  component  parts  are  protected  by 
the  most  advanced  moisture-resistant  finishes.  /  \  " 


Mo<M  21  FX— 2V^  inch  iiisttum*ni 
with  piMtic  cas*  io(  us*  whare 
waiqhl  and  apac*  are  important 


Jungle-proofing  is  not  the  only  assurance  of  reli¬ 
ability;  J-B-T  Vibrating  Reed  Frequency  Meters  are 
also  unaffected  by  mechanical  shocks,  voltage  drop, 
change  in  wave  form  or  external  magnetic  fields. 


Send  lor  illustrated  bulle¬ 
tin  VF-43  including  VF  43- 
lA  on  400  cycle  meters 
and  VF  43-lB  on  the  new 
compact  2^2  inch  meters. 


(ManuUctuiisd  under  Triplett  Patents  and/or  Patents  Pending) 


It-Jlt'l'-S 


in  England  just  before  the  war, 
priced  at  £70  or  approximately  $85  ) 
at  prewar  sterling  rates.  The  lowe  * 
price  will  depend  upon  large-scale 
production,  according  to  Arthur 
Levey,  president  of  the  company, 
who  addressed  a  recent  session  of 
the  television  seminar  of  Radio  Ex¬ 
ecutives  Club  in  New  York  recently. 
A  larger  model  which  included  the 
same  electronic  gear,  but  a  modifi¬ 
cation  of  the  optical  system,  pro¬ 
duced  a  picture  24  x  20  in. 

Among  company  developments, 
some  of  which  are  currently  con¬ 
nected  with  secret  projects,  is  a 
scrambling  device  which  makes  it 
possible  for  television  programs  to 
be  directed  to  special,  authorized 
subscribers,  while  television  pro¬ 
jection  for  theaters  is  anticipated 
through  the  company’s  connection 
with  Paramount  Pictures.  Pro¬ 
jected  pictures  18  ft  wide  were  used 
successfully  in  two  London  theaters 
before  the  war. 


Postwar  Educational 
Trend 


According  to  the  G.I.  Bill  of  Rights, 
every  eligible  veteran  will  have 
about  $1,000,  exclusive  of  his  bonus, 
to  spend  studying  for  a  better 
peacetime  job.  In  1939  there  were 
125  students  in  technical  and  trade 
schools  to  each  100  in  regular  col¬ 
lege.  Feeling  that  many  of  the  vet¬ 
erans  will  prefer  trade  school  prep¬ 
aration  to  courses  in  history,  liter¬ 
ature,  or  foreign  languages,  ^a 
group  of  technical  schools  is  form¬ 
ing  a  trade  association,  headed  by 
Dr.  J.  S.  Noffsinger,  Washington, 
D.  C.,  to  raise  standards  of  ethics, 
improve  courses,  and  bring  tech¬ 
nical  schools  in  closer  touch  with 
industry.  Individual  schools  will  be 
inspected,  revised,  and  placed  on  an 
approved  list  which  will  give  their 
graduates  greater  prestige  among 
employers. 


Coast-Guard  Radio 


Celebrating  its  154th  anniversary, 
the  U.  S.  Coast  Guard  points  out 
that  its  history  includes  pioneer 
work  on  ship  and  aeronautical  ra¬ 
dio.  The  Revenue  Cutter  Service, 
as  the  Coast  Guard  was  called  then, 
first  used  wireless  telegraphy  in 
1903  for  ship-to-shore  communica¬ 
tion.  Credit  for  establishment  of 
the  standard  500-kc  distress  fre- 
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There  is  no 

SUBSTITUTE  FOR 
EXPERIENCE 


The  experimental  work  that 
built  the  Magnavox  reputation  is 
constantly  perpetuated  —  now  in¬ 
tensified  and  broadened  by  highly 
diversified  war  work.  Magnavox  is 
your  logical  source  for  compon¬ 
ents  and  for  cooperation  in  your 
future  projects.  The  Magnavox 
Company,  Fort  Wayne  4,  Indiana. 


In  1922  Magnavox  engineers  devel¬ 
oped  this  historic  instrument  —  the 
first  amplified  radio-phonograph.  As 
the  forerunner  of  all  present  day 
radio  -  phonograph  combinations,  it 
marked  an  important  advance  in  the 
development  of  sound  reproduction. 


n  a  V  o  X 


Laid  Satakars  •  Caaacltars  •  Salaaalda 
Caaiaiaalcitlia  aad  Elactraala  raauaiaat 


The  cone  type  of  electro -dynamic 
speaker  was  introduced  by  Magnavox 
engineers  in  1927.  It  was  the  prototype 
of  all  electro-dynamic  speakers  in 
use  today,  recognized  throughout  the 
world  as  the  most  efficient  means  for 
the  electrical  reproduction  of  sound. 
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In  1915  Magnavox  engineers  produced 
this  “daddy”  of  all  loud  speakers— the 
horn -type  electro  -  dynamic  speaker. 
Today  the  electro-dynamic  loud 
speaker  is  the  “voice”  of  modern  sound 
reproduction  in  radio,  sound  motion 
pictures  and  all  other  kindred  fields. 


These  examples  serve  to  remind 
us  how  closely  the  history  of 
radio  is  interwoven  with  that  of 
the  Magnavox  Company. 

In  1911  the  electro -dynamic 
reproducer,  developed  by  this 
company’s  engineers,  completely 
revolutionized  the  art  of  soimd  re¬ 
production.  The  same  principle  is 
used  in  all  radios  today. 

Magnavox  for  years  has  been 
not  only  the  world’s  largest  sup¬ 
plier  of  loud  speakers,  but  also  one 
of  the  largest  producers  of  electro¬ 
lytic  condensers.  This  experience 
dates  from  the  original  “Mershon” 
to  the  current  Magnavox  type. 


Another  important  step  forward  was 
achieved  with  this  first  single-dial 
radio  produced  by  Magnavox  in  1923. 
Its  importance  at  the  time  is  appre¬ 
ciated  when  we  remember  that  all 
previous  radio  sets  reqiiired  the  use 
of  three  dials  for  tuning  in  a  station. 


0.00002  TO  10,000  VOLTS 


MODEL  300 


This  enormous  range  of  voltages — five  hundred 
million  to  one — is  accurately  covered  by  our 
Model  300  Electronic  Voltmeter  and  some  of  the 
accessories  shown  above.  Frequency  range  10  to 
150,000  cycles.  Accuracy  2%  over  most  of  the 
range.  AC  operation.  Five  decade  ranges  with 
logarithmic  scale  make  readings  especially  easy. 
Uniform  decibel  scale  also  provided.  May  also 
be  used  as  a  highly  stable  amplifier,  70  DB 
gain,  flat  to  150,000  cycles. 


BOONTON,  NEW  JERSEY,  U.  S.  A. 


quency  and  for  the  use  of  the  term 
“sparks”  in  connection  with  oper¬ 
ators  belongs  to  this  service.  Li^r, 
when  the  Revenue  Cutter  Service 
and  the  Life  Saving  Service  had 
been  merged  to  form  the  Coast 
Guard,  radio  was  first  used  for  air¬ 
craft  communication  end  flight 
guidance.  Detailed  pioneering  in¬ 
volved  the  rotatable  electrostati¬ 
cally-shielded  d-f  antenna  and 
cathode-ray  direction  indicating  in¬ 
struments. 


Radio  Relay  Allocation 


Hitherto  commercially  unused 
frequencies  have  been  allocated  to 
American  Tel.  &  Tel.  Co.  for  ex¬ 
perimentation  on  a  radio  relay  sy.s- 
tem  between  New  York  and  Boston 
Facilities  will  be  suitable  for  fm. 
facsimile,  and  television  broadcast 
relay  as  well  as  telegraph  and  tele 
phone  communication. 

Two  Class  2,  10- watt  stations  are 
provided  for  in  the  present  author¬ 
ization,  while  seven  fully  automatic 
relay  stations  are  planned  for  the 
intervening  space.  Cost  is  esti¬ 
mated  at  $1,000,000. 


News  by  Plant  Broadcast 


More  than  6,000,000  American 
workers  have  been  kept  up  to  date 
on  recent  military  developments 
through  sound  systems  installed  in 
war  plants  from  coast  to  coast. 
Stromberg-Carlson  Company  has 
conducted  a  survey  among  users  of 
such  apparatus. 

Keeping  the  workers  continually 
apprised  as  to  the  true  situation 
has  made  it  possible,  at  the  same 
time,  to  utilize  the  driving  power  of 
the  worker’s  reaction  and  to  cir¬ 
cumvent  gossip. 

Most  of  the  plants  reported  cast¬ 
ing  their  communication  systems  in 
this  role  had  previously  used  them 
mainly  for  paging  officials,  broad¬ 
casting  speeches,  and  in  general 
utilizing  the  facilities  in  the  man¬ 
ner  of  talking  bulletin  boards. 


CONVENTIONS  TO  COME 


Oct.  2-6.  Forty-Ninth  Annual  meet¬ 
ing,  Boston,  Mass.  International 
Municipal  Signal  Association. 
Irwin  Shulsinger,  secretary,  8  Ea.«t 
41  St.,  New  York,  N.  Y. 


Oct.  6-7.  National  Electronics 
Conference,  Chicago,  Ill.,  B.  Dud- 
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. . .  and  we  know  it/ 


MIT  lONDSI  All  YOU  CAN  —  WHgWfVfK  YOU  CAN 


mZ-KASCH 


For  over  25  years  Planners  and  Molders  in  Plastics 

Kurz-KoKh,  Inc.,  1425  South  Broadway,  Dayton  1,  Ohio 
Branch  Salat  Olficot:  Now  York  •  Chicago  •  Detroit  •  Indianapolis  •  Los  Angeies  •  Dalios 
St.  Louis  •  Toronto,  Canada.  Export  Ofticas:  89  Broad  Street,  New  York  City 
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Mlastic  materials,  you  know,  vary 
•considerably.  Not  only  in  regard  to 
physical  properties  after  molding,  but 
in  regard  to  molding  behavior  as  well. 
In  other  words,  your  plastic  part  has  to 
be  designed  in  full  recognition  of  your 
material.  That’s  why  we  say  that  the 
selection  of  material  is  another  job  for 
yxiur  custom  molder! 

But  Kurz-Kasch  does  more  than  team 
up  these  two  functions.  In  growing  up 
with  the  plastics  industry,  we’ve  found 


it  wise  to  insist  that  experts  on  mold- 
making,  molding  and  finishing  add 
their  opinions  during  the  planning 
stage.  This  way,  you  can  rest  assured 
that  your  job  will  be  estimated  right 
— produced  right — and  delivered  right 
on  schedule. 

This  service  is  available  from  the 
moment  you  first  wonder  if  plastics 
will  fit  into  your  program.  In  fact, 
that’s  the  time  to  get  the  most  out  of  it. 
We  urge  you  to  feel  free  to  use  it — now ! 


Why  Kurx-Kasch  for  Plastics?  Kutz-Kasch 
offers  a  28-year-old  reputation  for  thoroughly 
engineered,  quality  production.  •  One  of  the 
largest,  best -equipped  exclusive 
custom  molding  plants  in  the 
country — ^75,000  square  feet  of 
floor  space  with  125  compression 
and  transfer  presses  of  all  sizes. 


Complete  mold-making  and  finishing  facili¬ 
ties  •  Extensive  production  sequences  of 
radio-frequency  preheating  equipment,  with 
full  experience  in  their  use. 
Completely  equipped  shop  for 
production  of  inserts  •  For  sat¬ 
isfaction  in  plastics,  key  these  fa¬ 
cilities  into  your  production  line. 


•r 


URICIo  1501  W.  Congress  St.,  Chkogo,  U.S.A. 

DYNAMOTORS  •  0.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 


f*porf  Ad  Auftema.  89  Brood  Sf.,  New  York.  U.  5.  4,  Cob/e  4wr»emo,  New  York 


Torque  3.5  in*  ez*  at  4500  RPM 


Unique  in  design  and 
construction,  this  permanent 
magnet  field  motor  has  been 
selected  for  many  applications 
havin^g  critical  space  and  weight 
factors.  Wound  as  a  shunt 
motor,  its  output  characteristics 
are  adaptable  for  a  wide 
variety  of  power  requirements. 


ELECTRICAL 
Alak*  field  Magnets 
No  field  losses 
Lew  starting  cnrrent 
Reversible  with  change 
of  polarity 
Lew  RF  interference 
ArMOtvre  windings  varnish 
impregnated  and  baked 


Watts  Output  Int.  (max.) 

Torque  ot  7000  RPM  (in.oz.) 
Torque  at  4500  RPM  (in.oz.) 
Lock  Torque  (in.oz.) 

Volts  Input  (min.) 

Volts  Input  (max.) 

Temperature  Rise  Int. 
Weight 

Shaft  Diameter  (max.) 

Length  less  Shaft 
Overall  Diameter 


MECHANICAL 

Completely  enclosed 
Moenting  in  ony  position 
Alominom  end  brockets 
Laminated  pole  pieces 
Stainless  steel  shaft 
Rotation  on  ball  bearings 
Commototer  mica  insoloted 


ley,  secretary,  520  N.  Michigai 
Ave.,  Chicago,  Ill. 


Oct.  12-14.  Fall  Meeting,  Buffalo. 
N.  Y.  Electrochemical  Society, 
Colin  G.  Fink,  secretary,  Columbia 
University,  New  York  27,  N.  Y. 


Oct.  16-18.  Fifty-Sixth  Semi-An¬ 
nual  Fall  Conference,  New  York, 
N.  Y.  Society  of  Motion  Picturi. 
Engineers.  W.  C.  Kunzmann,  vice 
president.  Hotel  Pennsylvania,  New 
York,  N.  Y. 


Oct.  16-19.  Twenty-Fifth  Annual 
Meeting,  Cleveland,  Ohio.  Ameri¬ 
can  Welding  Society,  M.  M.  Kelly, 
secretary,  33  West  39  St.,  New  York 
18,  N.  Y. 


Oct.  19-21.  Electronic  Parts  and 
Equipment  Industry  Conference. 
Chicago,  Ill.  Parts  Div.,  RMA;  As¬ 
sociation  OF  Electronic  Parts 
AND  Equipment  Manufacturers; 
Eastern  Drv.,  Sales  Managers 
Club;  and  National  Electronics 
Distributors  Association;  H.  W. 
Clough,  chairman,  PO  Box  5070-A, 
Chicago  80,  Ill. 


Oct.  20.  Annual  Meeting,  New 
York,  N.  Y.  Engineers  Council 
for  Professional  Development, 
S.  L.  Tyler,  secretary,  29  West  39 
St..  New  York  18,  N.  Y. 


Oct.  20-21.  Twenty-Ninth  Annual 
Meeting,  New  York,  N.  Y.  OPTICAL 
Society  of  America,  Arthur  C. 
Hardy,  secretary,  Massachusetts 
Institute  of  Technology,  Cambridge 
39,  Mass. 


Nov.  2-3.  National  Time  and  Mo¬ 
tion  Study  Clinic,  Chicago,  Ill.  In¬ 
dustrial  Management  Society, 
C.  S.  Becker,  vice  president,  205 
West  Wacker  Drive,  Chicago  6,  Ill. 


Nov.  9-10.  Fall  Meeting,  Dayton, 
Ohio.  Institute  of  the  Aeronau¬ 
tical  Sciences,  Robert  R.  Dexter, 
secretary,  1505  RCA  Bldg.  West. 
Rockefeller  Center,  New  York  20. 
N.  Y. 


Nov.  13-14.  Rochester  Fall  Meeting 
&  War  Radio  Conference,  Rochester, 
N.  Y.  Rochester  Fall  Meeting 
Committee,  Virgil  M.  Graham, 
chairman,  PO  Box  750,  Williams¬ 
port,  Pa. 


Nov.  13-14.  Annual  Fall  Convention. 
Ne^v  York,  N.  Y.  Society  of  thp. 
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1.  Adequate  all-weather  runways. 

2.  Sufficient  service  for  normal  require¬ 
ments. 

3.  Hangar  space. 

4.  Lights. 

5.  Control  tower. 


6.  Radio  naviKStional  facilities. 

7.  Weather  information. 

8.  Terminal  facilities  including  restaurants, 
taxi  service,  etc. 

9.  Accessible  location. 

10.  Safe  approaches  from  all  directions. 

and  —  on  able,  adequately  paid  airport  manager  who  can 
make  the  fullest  use  of  his  facilities  in  the^  interests  of  the 
public,  flyers  and  the  airlines. 
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Our  job — that  of  RADIO  RECEPTOR  — is  the  provision  of  radio  facilities  for  navi¬ 
gation — for  traffic  control — for  communication.  Chances  are  RADIO  RECEPTOR 
ranges  —  supplied  to  the  CAA  —  may  guide  the  planes  to  your  airport.  Let 
RADIO  RECEPTOR  traffic  control  equipment  continue  the  job  and  bring  them 
down  to  the  runways  and  up  to  the  gates. 

Competent  counsel  on  airport  traffic  control  radio  now  available — equipment 
supplied  when  conditions  permit.  Plan  now — purchase  later. 
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Send  ^  awt  Otfoftmatioc  ^xtf  futdlUdUdK 

“HIGHWAYS  OF  THE  *AIR“ 


which  discusses  radio  navigation  and  traffic  control  in  all  its  phases,  military  and  civilian 
past,  present  and  future.  Free  to  those  writing  on  their  letterhead. 
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RADIO  RECEPTOR  COMPANY,  Inc 


Airwoy  and  Airport  Radio  Equipment  •  Communications  Equipment  •  Industrial  Electronics  •  Electronic  Power  Generotors 
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Don't  hesitate  to  use  blind  rivets 
just  because  the  materials  used 
may  vary  slightly  in  thickness  in 
different  areas.  Use  Cherry  Rivets. 
As  long  as  you  stay  within  the 
generous  tolerances  specified, 
you'll  get  a  good  finished  job. 


Here's  a  handbook  on 
Cherry  Rivets.  Read  it 
and  find  out  how  tough 
jobs  can  be  made  easy 
with  Cherrys.  Writefor 
Handbook  A-43  to 
Dept.  A- 120,  Cherry 
Rivet  Company,  231 
Winston  Street,  Los 
Angeles  13,  Calif. 


The  Cherry  Rivet  head  (patent¬ 
ed):  (1)  slips  easily  into  the  tool, 
(2)  provides  a  positive  grip,  (3) 
keeps  the  rivet  pmrts  assembled 
as  a  unit. 


ERftV  RtVETS,  THEIR  MANUFACTURE  AND  APPLtCATtON  APE  COVERED  BV  U.S.  PATENTS  ISSUED  AND  HENDiNU 


LOS  ANGELES,  CALIFORNIA 


Plastics  Industry,  C.  S.  Shoe¬ 
maker,  meeting  chairman,  Dow 
Chemical  Co.,  30  Rockefeller  Plara, 
New  York  20,  N.  Y. 

Dec.  7-8,  First  Annual  Conference, 
New  York,  N.  Y.  Television  Broad¬ 
casters  Association,  Will  Baltin, 
secretary,  600  Fifth  Ave.,  New 
York  18.  N.  Y. 


D.C.  BIAS 

Civilian  Radio.  Production  of  ci¬ 
vilian  radios  will  be  resumed  after 
Germany  surrenders,  and  not  before 
such  time,  the  Radio  Industry  Ad¬ 
visory  Committee  was  told  by  lead¬ 
ing  WPB  officials  at  a  recent  meet¬ 
ing  in  Washington. 

These  officials  told  the  committee 
that  the  radio-radar  production  pro¬ 
gram  for  1944  must  continue  up¬ 
ward  through  December  and  about 
16.4  percent  above  the  July  output 
rate.  Army  and  Navy  officials  con¬ 
curred  in  this  estimate  of  over-all 
increase  during  the  remainder  of 
the  year. 

Forestry  Operation.  With  several 
provisos,  FCC  has  amended  its  rules 
so  a  licensed  operator  who  is  the 
holder  of  a  radiotelephone  or  ra¬ 
dio-telegraph  first  or  second  class 
license  may  be  on  duty  as  the  oper¬ 
ator  of  one  or  more  forestry  sta¬ 
tions  licensed  in  the  name  of  the 
same  person,  municipality,  or  state, 
at  any  location  within  the  reliable 
daytime  communication  range  of 
each  such  station  in  lieu  of  the 
transmitter  locations  or  control 
point  (s)  during  actual  operation  of 
the  transmitting  apparatus  employ¬ 
ing  telephony. 


Uphill  Production.  The  forthcom¬ 
ing  months  will  be  more  critical 
than  any  period  previously  faced  by 
the  electronic  industry,  and  as  a 
consequence  the  industry  and  WPB 
must  effect  the  maximum  coopera¬ 
tion  on  all  problems,  Ray  C.  Ellis, 
director  of  WPB’s  radio  and  radar 
division,  recently  advised  the  Indus¬ 
trial  Instrument  Industry  Advisory 
Committee. 

Reasons  for  the  need  of  closer  co¬ 
operation  include  problems  of  can¬ 
cellation  of  contracts,  reconversion, 
and  labor  which  must  be  antici¬ 
pated,  he  said.  Commenting  on  the 
overall  electronic  industry  produc¬ 
tion  rate,  Mr.  Ellis  pointed  out  that 
July,  1944,  showed  an  increase  of 
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Quality  in  Quantity 


WITH  COMPLETE  control  of  the  design,  se- 
leaion  of  all  materials,  and  methods  of 
manufacture  of  all  parts  to  the  final  assembly, 
inspection  and  delivery,— Jefferson  Electric 
Ihinsformers  are  laboratory  correct  whether  re¬ 
quired  in  small  lots  or  hundreds  of  thousands. 

War-time  demands  have  further  emphasized 
the  ability  to  maintain  high  uniform  standards 
of  quality  on  a  mass  production  basis.  Under 
the  stimulus  of  .War  effort,  advanced  types  of 


machinery,  and  improved  manufacturing  tech¬ 
nique,  you  can  count  on  still  better  Jefferson 
Electric  products  for  your  post-war  needs. 
Consulting  now  with  Jefferson  Electric  trans¬ 
former  engineering  specialists  will  save  time 
for  you  later  .  .  .  JEFFERSON  ELECTRIC  COM¬ 
PANY,  Bellwood  (Suburb  of  Chicago),  Illinois. 
In  Canada:  Canadian  Jefferson  Electric  Com¬ 
pany,  Limited,  384  Pape  Avenue,  Toronto, 
Ontario. 


TRANSFORMERS 
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approximately  16.4  percent  ovtr 
July,  1943.  Production  rose  five 
percent  in  June,  but  was  still  four 
percent  behind  schedule  in  July, 
largely  because  of  a  60-  to  SO-day 
lag  between  the  new  design  on  the 
drawing  board  and  final  assembly 
of  the  parts^  • 

Serious  manpower  shortages  ex¬ 
ist  in  the  production  of  certain 
component  parts  for  signal  equip¬ 
ment,  such  as  dry-cell  batteries  and 
transformers.  About  22,000  new 
workers  will  be  needed  in  key  elec¬ 
tronic  plants  between  now  and  the 
end  of  the  year,  WMC  estimates, 
and  an  additional  12,000  a  month 
will  have  to  be  found  for  replace¬ 
ments  at  the  current  rate. 

About  half  the  present  workers 
are  women,  according  to  WMC,  and 
that  percentage  can  be  stepped  up 
to  two-thirds  if  they  can  be  re¬ 
cruited 


Chief  difficulty  in  adding 
to  the  labor  force  in  this  field,  WMC 
points  out,  is  that  most  of  the  plants 
center  in  labor  shortage  areas — 
around  Chicago;  near  Philadelphia 
and  Newark 


mSULATORS 


and  in  the  Buffalo, 
Syracuse,  and  Schenectady  areas. 

More  Batteries.  Demand  foT  bat- 
according  to  the  Signal 


are  a  "Main  faaor”  of  the  high  power  electronic 
tube.  Quartz  is  the  best  electrical  insulator  known 
to  science.  Many  other  qualities  make  it  ideal  for 
the  job.  .  .  .  Not  subjea  to  thermal  shock.  Non 
hygroscopic.  High  surface  resistance.  Shaped  to 
specification. 


teries, 

Corps  oflScers  who  are  charged  with 
the  duty  of  procuring  all  batteries 
for  all  the  armed  services,  is  still 
sharply  on  the  upswing.  Deliveries 
of  all  tjrpes  of  batteries  have  in¬ 
creased  about  two-thirds  since  the 
beginning  of  this  year  but  monthly 
rates  must  be  increased  another  40 
percent.  The  current  monthly  pro¬ 
duction  of  battery  cells  runs  close  to 
a  hundred  million,  which  is  still  far 
short  of  what  is  desired. 


Embos! 
doth  h 
irregul 
treotm 

"imitol 


ULTRA  VIOLET  LAMPS  (  quarts 


HYDROGEN  ARCS  IN  QUARTZ 
FUSED  QUARTZ  ROD, 

TUBING.  PLATES  and  SPECIAL  SHAPES 


Station  Sales.  FCC  has  asked 
Congressional  direction  as  to  the 
policy  it  should  follow  in  passing  on 
the  sale  of  radio  stations  where  the 
sales  prices  are  far  in  excess  of  the 
and  physical-prop- 


going-concem 
erty  values  of  the  stations  and  ap¬ 
pear  to  involve  considerable  com¬ 
pensation  for  the  radio  frequencies 
themselves. 

In  identical  letters  to  Senate  In¬ 
terstate 


Commerce  Committee 
Chairman  Burton  K.  Wheeler  and 
to  Rep.  Clarence  Lea,  Chairman  of 
the  House  Interstate  and  Foreign 
Commerce  Committee,  FCC  chair¬ 
man  James  Lawrence  Fly  suggested 
the  “tremendously  high  prices” 
which  radio  stations  command  in 
the  present  market  indicates  the 


HANOVIA 

CHEMICAL  &  MANUFACTURING  CO 

D«pt.  E-11  NEWARK  5,  N. 
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And  now  we  add 

to  make  CLOTH  sene  more  pe'opielT. more  ways . . . 


Embossing  is  a  surface  treatment  generally  applied  to  coated 
doth  to  secure  a  decorative  effect  or  to  simulate  a  naturally 
irregular  surface.  One  of  the  most  common  forms  of  embossed 
treatment  copies  various  leather  finishes  and  many  scxalled 
"imitation  leathers”  have  all  of  the  appeararKe  value  and 


much  of  the  durability  of  leather  and,  in  addition,  are  water¬ 
proof,  non-porous  and  uniform.  Various  coarse  fabric  textures 
are  embossed  as  well  as  all-over  designs.  A  combination  of 
embossing  with  printing  (color  on  high  spots)  produces  un¬ 
limited  pleasing  contrasts. 


CUKKkNI  NQLUSTQN  PKQDUCIIUPI  includes  COATED  AND  IMPREG¬ 
NATED  FABRICS . .  .  INSULATING  QOTH  BASE .  .  SEPARATOR  QOTHS  rubber,  starch-filled. 
«|axed.  TRACING  AND  BLUE  PRINT  QOTHS  white  and  blue,  ink  or  pencil.  AAAP  QOTH. 
PHOTO  QOTH,  self-adhesive.  REINFORCING  FABRICS.  SIGN.  LABE  AND  TAG  QOTHS. 
waterproof  to  take  any  ink.  meet  any  inking  problem.  BOOK-BINDING  QOTHS.  SHADE 
QOTH,  impregrtoted  waterproof,  opaque,  translucent  or  light  proof. 

We  urge  you  to  consider  QOTH;  and  invite  you  to  consult  with  us  concerning  potsibilities  and 
developments  for  your  specific  requirem'ents. 
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sellers  may  be  profiting  from  their 
lien  on  a  radio  frequency  which 
they  have  been  authorized  to  use 
under  the  Communications  Act  of 
1934,  but  whose  ownership  under 
the  Act  is  reserved  to  the  public. 

Radio-Phonooraph  Pricing.  The 
price  schedule  that  previously  gov¬ 
erned  manufacturers'  maximum 
prices  for  consumer-type  radio  re¬ 
ceivers  and  phonographs  has  been 
revoked,  and  the  articles  trans¬ 
ferred  to  coverage  by  the  regulation 
affecting  most  other  consumers' 
durable  goods,  the  Office  of  Price 
Administration  has  announced. 

This  transfer  to  coverage  was 
made  because  the  previous  regula¬ 
tion  covering  the  articles  dealt  only 
with  price  control  problems  that 
were  acute  in  1942,  before  civilian 
production  was  completely  shut  off, 
and  is  not  suited  to  present  condi¬ 
tions.  In  particular,  it  does  not  pro¬ 
vide  a  method  for  pricing  new  mod¬ 
els  of  radio  receivers  and  phono¬ 
graphs. 

Educational  Broadcasting.  FCC 
has  adopted  a  new  application  Form 
340,  to  be  used  when  filing  an  appli¬ 
cation  for  construction  of  a  non¬ 
commercial  educational  broadcast 
station.  This  form  supersedes  Form 
309  and  supplemental  Form  31S 
but  Form  309  continues  to  be  used 
for  several  classes  of  broadcast  sta¬ 
tions  other  than  standard. 

Form  340  is  expected  to  be  more 
convenient  to  applicants  desiring 
noncommercial  educational  broad¬ 
cast  facilities,  and  at  the  same  time 
the  form  will  supply  the  Commis¬ 
sion  with  additional  information 
concerning  the  service  planned  and 
the  technical  equipment  proposed  to 
be  installed.  The  new  application 
form  now  available  will  be  used  by 
the  many  nonprofit  educational 
agenies  planning  the  construction 
of  f-m  broadcast  stations  for  the 
advancement  of  their  educational 
work  and  the  transmission  of  edu¬ 
cational  and  entertainment  pro¬ 
grams  to  the  general  public. 

Regulations  for  Radio  Service¬ 
men.  Information  has  been  compiled 
by  domestic  and  foreign  branch  of 
the  radio  and  radar  division  of 
WPB  to  guide  radio  repairmen  now 
in  business  as  well  as  exrepairmen 
and  men  discharged  from  military 
service.  In  order  that  they  may 


INSIDE  STORY 


•  The  destiny  of  a  "flat-top"  depends  on  this  little  sol- 
dered  connection  in  a  coil  winding. 

And  so,  across  the  entire  fighting  front  ...  in  tanks 
and  ships  and  in  planes  .  .  .  the  lives  of  our  fighting 
men,  the  success  of  their  missions  and  the  safe  return 
of  equipment  permits  of  no  compromise  in  quality. 

Windings  by  Coto-Coil  fire  remote  guns  .  .  .  release 
a  single  bomb  or  a  salvo.  The  applications  are  count¬ 
less  .  .  .  many  cannot  be  told,  but  the  importance  of 
never  failing  dependability  is  apparent  to  all. 

Whether  you  build  equipment  for  the  armed  services 
or  for  industry,  you  cannot  afford  to  use.  any  coils  but 
the  best. 

COIL  SPECIALISTS  SINCE  1917 

_ _ _  _  ___ 

'  :4^fa(«iuON  AVt  PROVIOENCE  5.  R.  I. 


COTO-COIL  CO..  INC. 


Ocfofccr  1944  —  ELECTRONICS 


e  lunc 


. . .  80  that  it  lands”  wilh 
#ic  ex  fra  force  needed  to 
fill  the  die. 


PHOTOELECTRIC  AND  ELECTRONIC  CONTROLS  FOR  EVERY  INDUSTRIAL  PURPOSE 
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Why  Electronic  Timing  is  the  Best  Answer 
for  Split-Second  Repeat-Cycle  Accuracy 

Photoswitch  Electronic  Timers  function  with  split-second  accuracy  . . . 
without  fatigue  .  .  .  frictional  wear  ...  or  inertia.  Electronic  operation 
eliminates  clockwork,  springs,  mechanical  clutches  ...  all  moving 
parts  subject  to  wear  and  failure  .  .  .  provides  consistently  accurate 
control  without  danger  of  speed-up  or  slow-down,  and  with  extremely 
long  life  assured.  Photoswitch  Electronic  Timers  are  used  extensively 
to  initiate  automatic  operation  of  precision  production  grinders,  millers, 
profilers  and  other  machine  tools;  to  insure  maximum  safety  and  effi¬ 
ciency  in  X-ray  equipment;  to  provide  split-second  control  in  welding, 
molding,  spraying  .  .  .  and  to  afford  the  high  degree  of  accuracy  needed 
in  process  control. 


Write  to 

PHOTOSWITCH,  INCORPORATED 
Cambridge  42,  Massachusetts 
for  Bulletin  900 -A. 


In  this  Reed-Prentice 
Plastic  Injection  Mould¬ 
ing  Machine,  granulated 
plastic  material  is  forced 
through  a  heated  cylinder 
into  the  die  at  continuous 
high  speed,  under  high 
pressure.  Photoswitch 
Electronic  Timer  T15U 
actuates  controls  within 
the  hydraulic  system  that 
provide  maximum  pres¬ 
sure,  at  the  exact  in¬ 
stant,  with  the  fractional 
second  timing  required 
to  complete  the  injection 
stroke. 


THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORPORATION 

81  PROSPECT  STREET  BROOKLYN  1,  N.  Y 


know  how  to  obtain  necessar. 
materials  to  carry  on  or  enter  into 
the  radio  repair  business,' they  will 
be  guided  by  specialists  in  the  field 
service  branch  of  regional  and  dis¬ 
trict  offices  who  are  familiar  with 
WBB  orders  and  the  problems  of 
civilian  radio  in  wartime. 

Summaries  of  applicable  regula¬ 
tions  include  those  pertaining  to 
creation  of  an  inventory,  replace¬ 
ment  of  components  and  tubes,  and 
purchase  of  tools  and  test  equip¬ 
ment. 

Another  pertinent  ruling  is  a 
recent  issue  by  OP  A  (Office  of 
Price  Administration)  which  has 
restricted  gasoline-rationing  mile¬ 
age  to  those  radio  repairmen  who 
are  working  on  government-  or 
government-agency-equipment. 

Communications  Fellowships. 
Training  of  Latin  American  engi¬ 
neers  in  the  regulatory  and  oper¬ 
ating  procedures  of  communica¬ 
tions  in  the  United  States  is  the 
aim  of  a  program  sponsored  by 
the  State  Department  which  ha.s 
allocated  $10,000  to  FCC  for  such 
work.  Rules  and  regulations  have 
been  formulated  by  FCC  to  govern 
the  awarding  of  fellowships  to  ap¬ 
plicants  from  other  American 
republics. 

Fellowships  shall  be  of  the  in¬ 
terne-training  type  which  may  in¬ 
clude  orientation  in  FCC  offices; 
instruction  in  the  engineering  de¬ 
partments;  and  training  in  moni¬ 
toring  stations  of  the  Commission; 
besides  visits  to  other  govern¬ 
ment  agencies,  private  com¬ 
munication  companies,  and  other 
background  sources.  Rules  which 
have  been  established  cover  quali¬ 
fications,  award  of  fellowships,  al¬ 
lowances,  and  expenses. 


. . .  and  just  as 
indestructible 


Discriminating  radio  trans¬ 
mitter  monuiacturers  believe 
that  the  very  best  compo¬ 
nents  ore  not  too  good  for  their  high  power  equipmenk 


Such  monuiacturers  are  using  Cardwell  condensers  typified  by  the 
Type  WX-95-VS  heavy  duty  transmitting  capacitor  (illustrated). 


The  customers  oi  these  monuiacturers  know  that  a  component,  em¬ 
bodying  master  craitsmonship  oi  such  superior  quality,  is  the 
finest  money  can  buy  and,  indeed  .  .  . 


The  Standard  of  Comparison 


Specifications 


Type  WX-9S-VS 
Capacity — 100 — 42  rnmids. 

AIrgap — 1  inch. 

Peak  Voltag* — 20,000  volts. 

Siso— I5V4"  X  15V4"  X  I3V4"  long. 

Framo — Cost  aluminum  end  plates  with  brass  tie  rods. 

Rotor — V^"  brass  plates  pressed  and  soldered  into  solid  brass  barrel. 
Stater — V^"  brass  plates  pressed  and  soldered  into  massive  brass 
stator  blocks;  equipped  with  electrostatic  shields,  on  blocks 
and  stator  studs,  to  minimize  corona  losses. 

Rotor  Contacts — Laminated  phosphor  bronze  seli-cleaning  brush. 
Hnisii — Polished  lacquered  brass — End  Castings  satin  finish  alu¬ 
minum,  lacquered. 

■earingt — Ball  thrrut  rear — shoulder  front  bearing. 

Shaft  Extension  Diameter  inch. 

Insniation — Mycalex. 


BUSINESS  NEWS 

Electronic  Manufacturers  Asso¬ 
ciation  has  been  formed  in  New 
York,  N.  Y.  Membership  is  drawn 
from  companies  active  in  the  metro¬ 
politan  and  nearby  areas. 

Milwaukee  Industrial  Designers 
has  moved  to  new  quarters  at  744 
North  Fourth  St.  Milwaukee  3,  Wis. 

International  Business  Ma¬ 
chines  CoRP.  and  General  Elec¬ 
tric  Co.  have  collaborated  on  a  pro¬ 
posed  network  joining  Washington, 
New  York,  and  Schenectady  and 
which  will  operate  in  the  region  be- 
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HARVEY 


^  REGULATED  POWER  SUPPLY 


If  you’re  looking  for  a  dependable,  controllable 
source  of  laboratory  D.C.  power  for  operation 
with  pulse  generators,  measurement  equipment, 
constant  frequency  oscillators,  amplifiers  and 
other  equipment  requiring  a  constant  flow  of  D.C. 
voltage,  it  will  pay  you  to  get  in  touch  with 
Harvey  of  Cambridge. 

The  Harvey  Regulated  Pou'er  Supply  106  PA 
will  meet  your  every  requirement  in  the  lower 
voltages.  It  has  a  D.C.  output  variable  from 
between  200  to  200  volts  that  is  regulated  to 
within  one  per  cent. 


The  \eu'  Harvey  Regulated  Power  Supply 
206  PA  is  for  higher  voltages.  'I'his  latest 
Harvey  development  operates  in  two  ranges  500- 
700  at  54  of  an  ampere  and  700  to  1000  at  .2 
of  an  ampere.  Both  ranges  have  accurate  regu¬ 
lation  to  one  per  cent  or  better. 

Whatever  your  requirements,  one  of  these 
Harvey  Regulated  Power  Supply  units  will  meet 
them  w’ith  efficient,  dependable  performance. 

We’d  be  happy  to  supply  you  with  complete 
information  on  cither  or  both  of  them. 


HARVEY 


HARVEY  RADIO  LABORATORIES,  INC 

439  CONCORD  AVENUE  •  CAMBRIDGE  38,  MASSACHUSETTS 
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tween  1900  and  2300  Me.  Facilities 
are  to  be  used  for  relay  purposes, 
possibly  including  television,  fm, 
radiotype,  and  facsimile. 


OHIO 


Merit  Coil  &  Transformer  Corp. 
has  completed  a  new  plant  at  Chi¬ 
cago,  Ill.,  and  will  comhine  general 
offices  with  production  facilities 
there. 


American  Telephone  &  Tele¬ 
graph  Co.  and  Southern  Bell 
Telephone  &  Telegraph  Co.  have 
been  given  FCC  permission  to  spend 
an  estimated  $6  million  on  coaxial 
lines  between  Atlanta,  Ga.,  and 
Dallas,  Tex. 


MOTORS  for 
ELECTRONIC 
APPLICATIONS 


Pennsylvania  Railroad  has 
planned  to  equip  its  Harrisburg 
main-line  division  with  radiotele¬ 
phone  equipment  in  300  freight  and 
passenger  locomotives  and  90  ca¬ 
booses.  Cost  has  been  set  at  $1  mil¬ 
lion. 


DeJur-Amsco  Corp.  has  completed 
plant  No.  2  in  Long  Island  City,  N. 
Y.  Facilities  cover  76,000  sq  ft. 


National  Radio  Institute,  Wash¬ 
ington,  D.  C.  has  completed  30  years 
of  service  to  the  industry. 


Press  Wireless  Inc.  has  arranged 
to  move  its  executive  offices  from 
Chicago  to  1475  Broadway,  New 
York,  N.  Y. 


1/30  HP— II5  V  — 60  Cy.  — A.  C.  — 1  Ph.  1725  RPM.  C.  C.  Flange 
Mounting.  Ball  Bearing. 


RCA  Victor  Div.,  Radio  Corp.  of 
America  will  introduce  the  first 
electron  microscope  Into  the  labor¬ 
atories  of  Australia  for  war  pro¬ 
duction  research.  It  will  be  deliv¬ 
ered  to  the  Council  for  Scientific 
and  Industrial  Research. 


Cut  shows  one  oi  many  types  and  sises  oi  Ohio  Motors 
designed  for  driving  Electronic  Devices. 


l/IOO  to  2  HP.— A.C. 

1/100  to  1  HP.— D.C. ' 

I/lOO  to  V*  HP. — ^A.C.  Synchronous. 

1  to  100  os.  ft.  A.C.  Torque. 

Shell  type  motors  for  built-in  applicationt  to  4  HP. 
— A.C. 

All  usual  Toltaqes  and  cycles. 


Fairchild  Camera  &  Instrument 
Corp.  has  been  assigned  an  ap¬ 
proved  quality -control  rating  by 
USAAF.  This  means  that  duplicate 
Army  inspection  during  detail 
fabrication  will  be  eliminated  and 
the  company  will  be  given  full  re¬ 
sponsibility. 


What  is  your  problam? 


THE  OHIO  ELECTRIC  MANUFACTURING  CO 

5908  Maurice  Avenue  Cleveland  4,  Ohio 


RCA  Victor  Div.,  Radio  Corp,  of 
America,  has  finished  its  millionth 
Type  X  crystal  which  was  placed  in 
a  gold-plated  container  for  cere¬ 
monial  purposes. 


Pratt  Institute,  Brooklyn,  N.  Y. 
has  announced  a  forthcoming  series 
of  tuition-free  ESMWT  courses  in¬ 
cluding  introduction  to  radio,  radio 
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ELEC! 


INTERNATIONAL  RESISTANCE  CO 


*CONNECTOR  DIVISION  OF. 


401  N.  tROAO  ST. 


PNIA  S.  PA 


construction  and  testing,  elements 
of  electronics,  industrial  electron¬ 
ics,  and  u-h-f  techniques.  - 


*7  OUR  COPY  IS 
READY  FOR  MAILING 


This  new  44  page  book  gives  you  the 
complete  story  of  "SPRING-LIFE ’’  BELLOWS 


By  engineers— for  engineers— yet  with  information  and  illus¬ 
trations  so  complete  that  all  men  engaged  in  manufacturing 
can  gather  a  full  knowledge  of  bellows  and  their  functions. 
This  informative  book  tells  all  about  "Spring-life”  Bellows, 
including  their  characteristics,  construction  and  applica¬ 
tions,  plus  data  charts  and  other  valuable  information  to 
assist  engineers  in  determining  bellows  requirements. 

Also  included  in  this  book  are  illustrations  and  information 
pertaining  to  Cook  Pressure  Detector  Switches,  and  an 
introduction  to  the  Cook  "MetaLastic”  Division-  This  cata¬ 
log  will  be  sent  to  you  immediately  upon  receipt  of  a  request 
on  your  letterhead. 

Remember,  if  you  have  an  extremely  urgent  problem,  wire 
or  ’phone  us,  and  we  shall  be  pleased  to  quickly  dispatch  a 
field  engineer  from  one  of  our  district  offices  to  assist  you. 


Genebal  Electric  Co.,  Schenec¬ 
tady,  N.  Y.,  has  launched  a  program 
which  will  eventually  see  all  the 
parts  of  its  electronicTftctivity  cen¬ 
ter^  in  an  industrial  development' 
on  the  outskirts  of  Syracuse,  N.  Y. 
Construction  of  the  plant  has  been 
planned  for  the  end  of  wartime. 


Kansas  City  &  Southern  Rail¬ 
road  has  completed  an  installation 
of  two-way  radiotelephone  commun¬ 
ication  along  its  entire  main-line 
560-mile  right  of  way. 


RCA  Victor  Div.,  Radio  Corp.  of 
America,  has  established  a  com¬ 
prehensive  re-employment  program 
which  will  affect  the  6000  former 
workers  serving  in  the  armed 
forces. 


Galvin  Mfg.  Corp.  has  installed  a 
two-way  f-m  radiotelephone  com¬ 
munication  system  which  gives  in¬ 
stant  contact  throughout  the  entire 
length  of  the  Panama  Canal. 


Fort  Worth  Electronics  Club 
has  been  organized  by  19  charter 
members  connected  with  local  in¬ 
dustries.  Monthly  meetings  are 
scheduled. 


DbForbst's  Training  Inc.,  Chi¬ 
cago,  Ill.,  has  listed  twelve  lectures 
which  are  to  be  given  there  between 
Sept.  20  and  Dec.  6  on  subjects  re¬ 
lated  to  industrial  electronic  engi¬ 
neering.  Covered  will  be  funda- 
.  mentals,  rectifiers,  thyratrons, 
measuring,  welding,  motor  control, 
phototubes,  elevator  control,  x-ray, 
heating,  and  lighting. 


Canadian  National  Railways  has 
made  tests  on  two-way  radio  com¬ 
munication  in  the  Montreal  terminal 
area. 


Cooper  Union,  New  York,  N.  Y., 
has  scheduled  a  series  of  engineer¬ 
ing  courses  for  evening  attendance 
starting  Oct  2.  Communications 
principles,  advanced  electric  cir¬ 
cuits,  and  electrical  engineering  for 
other  than  electrical  engineering 
students  are  to  be  included. 


NEARLY  $9,000,000  worth  of 
equipment  would  be  needed  if  the 
FCC  were  to  approve  the  applica¬ 
tions  for  FM  stations  now  on  file. 
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tLECT 


A  Major  Resistor  Improvement — Not  jast  a  minor  thango 


DON’T  LET  OLD-FASHIONED  RESISTORS 
CRAMP  YOUR  ENGINEERING  STYLE! 


The  only 
Resistors 
wound  with 

CERAMIC-INSULATED 

WIRE 

INSUlATiON  APPUFD 
BFFOPF  FFiPF  /S  WOUND 


Don’t  waste  time  engineering  "luround” 
the  handicaps  imposed  by  .conventional 
resistors!  Use  Sprague  Koolohms  and  get 
exactly  what  you  want. 

No  power  resistor  can  be  one  whit  better 
than  the  insulation  given  its  windings— 
and  Koolohm  ceramic  insulation  applied 
to  the  wire  before  it  is  wound  gives  yon 
the  maximum  in  this  respect.  Koolohms 
can  be  used  safely  up  to  their  full  rated 
wattage  values.  Their  use  of  insulated 
wire  permits  larger  wire  sizes  to  be  used. 


and  guards  against  shorts  and  changed 
values.  They  give  more  resistance  in 
smaller  size*  and  are  readily  adaptable  to 
almost  any  mounting  style  best  suited  to 
your  production. 

Standard  Sprague  Koolohms  include 
5*tol20>watt  power  types.  Other  Sprague 
Resistors  include  bobbin  types,  hermed* 
cally  sealed  power  resistors,  5-  to  150* 
watts,  and  meter  multipliers.  Write  for 
new  catalog— just  off  the  press. 


irU 

Totally  Different . . .  Outstandingly  Superior 


T.H.  RBO.  U.  8.  PAT.  OFF 


NEW  PRODUCTS 

Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  assemblies,  new  measuring  equip¬ 
ment;  issue  new  technical  bulletins,  and 
new  catalogs 


watch  or  other  means  of  timing  is 
necessary.  After  the  initial  heating 
time  has  been  determined,  the  timer 
can  be  cut  out  by  means  of  a  selet- 
tor  switch  which  is  included  in  th« 
assembly.  A  3-stage  timer  autc*- 
matically  cuutrola  the  heating  and 
quenching  positions  of  the  cycle. 
A  signal-type  pilot  light  indicates 
heating  is  taking  place. 

Induction  Heating  Corp.,  389  La¬ 
fayette  St.,  New  York  3,  N.  Y. 


Vibration  Fatigue  Testing 
Machine 

Moi^  10-HA  IS  a  vibration  fatigue 
tasting  machine  which  is  designed 
to  meet  all  requirements  for  a  fa¬ 
tigue  testing  machine  that  will  sub¬ 
ject  parts  up  to  10  lb  in  weight  to 
vibration  produced  horizontally  in 
simple  harmonic  motion.  It  has  a 
range  from  10  to  55  cps  (600  to 
8,300  vibrations  per  minute)  which 
are  increased  and  decreased  auto¬ 
matically  at  a  uniform  rate. 

A  4-page  bulletin.  No.  610,  de¬ 
scribes  and  illustrates  Model  10-HA, 
as  well  as  other  vibration  machines 
available  from  All  American  Tool 
&  Mfg.  (3o.,  1014  Fullerton  Ave., 
Chicago  14,  Ill. 


Direct-Reconl  ing 
Electrocardiograph 

Instantaneous,  permanent,  stand¬ 
ard  readings  may  be  obtained  with 
this  inkless,  direct-recording  elec¬ 
trocardiograph  (Type  EPL)  which 
is  for  use  in  electro-medical  analy- 
■  sis  and  laboratory  research.  The  in¬ 
strument  is  compact,  lightweight 
and  portable,  and  requires  no  pho¬ 
tographic  processing.  The  recorder 
may  be  used  in  conjunction  with 
other  equipment  for  laboratory  re¬ 
search.  The  electrocardiograph 


comes  supplied  with  an  amplifier 
and  recorder  which  will  give  a 
graphic  record  between  0.1  and  80 
cps  at  a  sensitivity  of  1  millivolt 
and  2  cm  total  deflection  or  a 
range  from  zero  to  80  cycles  for  60 
millivolts  and  2  cm  deflection.  A 
high  speed  writer  can  be  supplied 
which  will  extend  the  frequency 
range  to  approximately  200  cycles. 
The  phase  correction  is  such  that 
perfect  square-wave  response  from 
0.5  to  80  cycles  is  realized  with  the 
one-millivolt  sensitivity  connection. 

Electro-Physical  Laboratories, 
Inc.,  45  West  18  St.,  New  York, 
N.  Y. 


Hardening  and  Quench  Table 

Illustrated  is  a  general-purpose, 
two-station  hardening  and  quench 
table  used  in  connection  with  high- 
frequency  induction  heating  gener¬ 
ators.  The  unit  is  suited  to  a  wide 
variety  of  machine  parts  requiring 
surface  hardening  or  localized  heat- 


Secondary  Frequency 
Standard 

This  secondary  frequency  stand¬ 
ard  is  crystal  controlled  with  a  her¬ 
metically-sealed  MD  cut  dual-fre¬ 
quency  crystal.  It  provides  useful 
output  up  to  40  Me  at  1,000-kc, 


■  '  1 

*  1 

w*  J 

... 

100-kc  and  10-kc  intervals.  It  op 
erates  from  60  cps,  115  v  line.  The 
unit  is  housed  in  a  sturdy  metal 
cabinet. 

The  James  Knight  Co.,  Sand 
wich.  Ill. 


New  Type  of  UHF  Cables 

New  sizes  and  types  of  solid-di¬ 
electric  coaxial  cables,  used  in  uhf 
and  radar  equipment  for  the  armed 
services,  have  been  added  to  this 
manufacturer’s  line  of  cables.  The 
cables  are  manufactured  in  five 
basic  types: 


mg.  The  table  has  quick-change 
coil  connections  so  that  jobs  can  be 
set  up  in  2  to  3  min  to  change  a 
heating  coil.  The  unit  is  flexible 
enough  for  low  production  require¬ 
ments.  An  initial  timer  is  provided 
to  indicate  the  heating  time  for  a 
new  job  or  a  new  part  and  no  stop 


Boiic  typss  of  high-irequoncy  cobles. 
From  left  to  right:  coaxial  cdr-epaced. 
■piral  deloy,  twin-conductor,  dual¬ 
coaxial,  coaxial  solid  dielectric  and 
armored  coaxial  cables 
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The  ECA  STORY 


For  almosf  a  quarter  of  a  century,  most  of  the  principals 
and  personnel  of  ECA  hove  hod  the  opportunity  to  grow 
and  expand  with  electronics.  We've  hod  experience  pro- 
'  ducing  many  different  types  of  highly  specialized  appa¬ 
ratus-including  sound  systems,  test  equipment  and 
other  electronic  devices. 


ECA  engineers,  designers  and  technicians  are  all  accustomed 
to  working  to  exacting  laboratory  standards.  Rich  in  the  funda¬ 
mentals  of  radio  and  electronics,  we  can  approach  any  prob¬ 
lem  with  full  confidence  that  the  ultimate  result  wid  prove 
eminently  satisfactory.  yj 


^Vaturolly,  during  these  crucial  war  years,  our 
entire  production  is  devoted  to  materials  needed 
by  the  Armed  Forces.  Much  of  this  equipment 
is  of  an  extremely  delicate  and  precise  nature. 
All  require  maximum  attention  to  design  and 
construction  to  meet  the  standards  of  ECA 
'  ^  government. 


IThile  devoting  our  working  time  100%  to  war 
production,  we  have  not  forgotten  home  front  activities.  The 
Electronic  Corporation  of  America  is  proud  that  each  suc¬ 
ceeding  war  bond  drive  has  been  over-subscribed,  and  we're 
equally  proud  of  the  blood  doAor  award  given  to  us  by 
the  American  Red  Cross. 


^tegularly  at  ECA,  representatives  of  management  meet 
with  representatives  of  labor  to  discuss  company 
policy,  to  fix  production  quotas,  and  to  look  after  the 
needs  of  the  individual  worker.  We  have  found  that 
harmonious  labor-management  relations  stimulate  the 
output,  efficiency  and  progress  of  our  organization. 


Undor  these  splendid  conditions  will  future  ECA  products  be 
manufactured.  Modern  production  techniques,  trained  person¬ 
nel  and  precision  laboratory  and  plant  facilities  will  be  utilized 
to  produce  superior  ECA  radios  and  electronic  devices  for 
home,  industry  and  medical  science.  This,  in  effect,  is  the 
ECA  story. 


What  ar«>’ 'Hi*  protpacH  for  fh*  fufure?  How  con  Am*rica‘s  votf  industriol  s*f>up  b*  put  to 
rtiott  •ff*ctiv(i  UM  for  o  prosperous  and  abundont  •conomy?  Whot  or*  th*  joint  r*sponsi- 
bititias  of  monogamant  and  labor?  Can  small  business  survive?  How  can  American  business 
and  industry  achieve  additional  markets  worth  at  least  25  billion  dollars?  Is  th*  attainment 
of  full  scale  employment  o  wishful  dream  or  on  actual  possibility?  Th*  answers  to  these,  and 
other  vitol  questions,  or*  supplied  in  "A  Plan  for  America  at  Peace.”  Write  for  your  copy 
. .  .  we'll  glodly  send  it  to  you  without  charge  or  obligation. 


listen  ini  UNCENSOKD  Commentaries  on  the  News-  _  Johannes  Steel,  WMCA,  New  York,  every  Monday,  Wednesdoy,  Friday  P.M- 

Williom  S.  Goilmor,  WHN,  New  Vorfc,  Monday  through  Friday,  at  9  PM  -  sponsored  by  the  Electronic  Corporation  of  America.  ^ 

ECA  will  offer  a  new  plan  of  distribution  at  th*  Electronic  Ports  and  EquipmonI  Indutfry  Conference  in  Chicago.  Be  sure  to  talk  to  vs  about  it. 
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a  stitch  in  time 


saves  nine  . . . 


For  certain  uses  there  is  no  sub¬ 
stitute  for  Mica.  When  substitu¬ 
tion  is  attempted  trouble  follows. 


Whtn  you  think  of  MICA  think  of  MACALLEN 


The  first  of  these  is  called  Coax¬ 
ial.  This  line  includes  sizes  from  i« 
in.  outside  diameter  up  .to  and  in¬ 
cluding  cables  over  1  in.  in  outside 
diameter.  Standard  designs  include 
single  and  double-braided  construc¬ 
tions  with  standard  and  armored 
covering. 

Dual-coaxial  lines  have  been  de¬ 
veloped  to  fill  the  need  for  parallel 
circuits  having  a  high  degree  of 
electrical  balance. 

Twin-conductor  lines,  sometimes 
called  “Twinaz”  are  balanced 
shielded  pairs,  usually  somewhat 
smaller  than  dual-coaxial  lines,  and 
provide  nearly  as  good  an  electrical 
balance. 

For  low  capacitance  require¬ 
ments,  there  is  available  a  line  of 
coaxial  air-spaced  cables  which 
can  be  made  in  any  required  length 
and  which  have  capacitances  as  low 
as  8  micro-microfarads  per  foot. 

The  fifth  type  of  cable  is  a  spiral 
delay  I-  <e  which  is  for  special  test 
sets  requiring  lines  with  ah  appre- 
ci„  .e  delay  or  very  high  imped¬ 
ances.  Some  of  these  lines  have  in  a 
1-ft.  length  an  electrical  equivalent 
to  that  of  15  ft  of  coaxial  cable. 

All  of  these  types  are  designed, 
generally,  for  50  to  70  ohms  imped¬ 
ance,  and  the  type  of  cable  selected 
is  predicated  by  power  requirement 
or  power  loss  limitations. 

A  bulletin  called  “Intelin  Coaxial 
Cable  Impedance  Nomographs”  is 
also  available. 

Intelin  Products  Div.,  Federal 
Telephone  &  Radio  Corp.,  Newark, 
N.  J.  1 


Alignment  Tool 

A  NEW  TOOL  FOR  precision  align 
ment  of  padding  capacitors  in  radio 
receivers  and  transmitters  is  Type 
TL-207  which  is  available  from 
General  Cement  Mfg.  Co.,  Rockford, 
Ill. 


Shockproof  Relays  . 

These  relays  are  wound  to  spe 
cifications  and  are  available  in  sin 
gle  or  double  pole.  They  have  been 
subjected  to  vibration  and  other 
tests.  A  single  relay  measures  11 
in.  wide,  2}  in.  long  and  li  in.  high. 

H.  C.  Evans  &  Co.,  1528  W.  Ad¬ 
ams  St.,  Chicago,  Ill. 
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‘‘They  make 
everything 


in  their  line 
from  the  raw 
material  to 
the  finished 
product.’’ 
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I  his  sentence  was  written  about  a  news¬ 
worthy  feature  of  ConnecticutTelephone  and  Electric 
operations  nearly  forty  years  ago.  It  has  been  im¬ 
portant  ever  since. 

This  Division's  facilities  for  complete  fabrication  of 
electrical  parts  and  devices  within  its  own  plants  are 
unusual.  Because  of  them, the  production  of  vital  com¬ 
munications  equipment,  aircraft  ignition  devices  and 
other  urgently  needed  war  material  is  being  speeded. 
It  permits  important  manufacturing  economies.  It 
gives  us  better  control  of  the  equipment  we  make. 
These  things  are  important  in  war  and  peace  alike. 


CONNECTICUT  TELEPHONE 
&  ELECTRIC  DIVISION 

GREAT  AMERICAN  INDUSTRIES,  INC. 

MERIDEN,  CONNECTICUT 

TELEPHONIC  SYSTEMS.  SIGNALLING  EQUIPMENT*  ELECTRONIC 
DEVICES  •  ELECTRICAL  EQUIPMENT  •  HOSPITAL  AND  SCHOOL  COM¬ 
MUNICATIONS  AND  SIGNALLING  SYSTEMS  •  IGNITION  SYSTEMS 
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Thermoplastics  Welding 
Machine 

This  machine  utilizes  high-fre- 
quency  current  to  weld  many  types 
of  thermoplastics  material.  It  is 
capable  of  welding  about  35  ft  per 
mirttite.  The  weld  created  is  water¬ 
tight,  moisture-proof  and  air-tight. 
The  machine  itself  resembles  an  or- 


Electron  Tubes 

Available  to  equipment  manufac¬ 
turers  against  WPB  rated  orders 
are  the  following  new  electron 
tubes : 

1P29  is  a  gas  phototube  (violet- 
green  sensitive)  for  colorimetric 
applications.  Spectral  response  oc¬ 
curs  over  the  spectral  range  from 
about  4000  to  8000  Angstroms,  with 
maximum  sensitivity  at  approxi¬ 
mately  4200  Angstroms.  Sensitiv¬ 
ity  at  maximum  response  is  0.10 
microamp  per  microwatt  of  radiant 
flux. 

3B25  is  a  half-wave  gas  recti¬ 
fier  of  a  hot-cathode  type.  It  is 
xenon  filled  and  is  ruggedly  con¬ 
structed  to  withstand  severe  vibra¬ 
tion.  It  can  be  operated  under  con¬ 
ditions  where  ambient  temper¬ 
atures  of  —75  to  -1-90  deg  C  are  en¬ 
countered.  The  tube  will  withstand 
a  peak  inverse  voltage  of  4000  volts 
and  will  deliver  an  average  anode 
current  of  0.5  amp. 

6AL5  is  a  miniature  twin  diode 
featuring  high  perveance.  It  is  for 
use  as  a  detector  in  circuits  utiliz- 
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dinary  sewing  machine,  but  the 
welder  can  be  modified  to  other 
physical  forms  and  can  be  adopted 
as  a  step  in  the  process  of  fabrica¬ 
tion,  or  can  be  incorporated  into 
other  machines.  The  manufacturers 
state  that  the  machine  is  not  yet 
ready  for  distribution. 

Richardson-Allen  Co.,  15  West  20 
.  St..  New  York,  N.  Y. 


THE  AUTOMATIC  ROBOT  INSPECTOR 


Television — os  well  as  any  other  type  of  electronic  ecjuipment — can  be 
checked  with  the  ROTOBRIDGE  ...  for  wiring  errors,  for  resistance 
and  reactance  values. 

Versatile  and  vigilant,  the  Rotobridge  is  designed  for  intensive,  24-hour 
duty.  With  robot-like  fidelity  and  exactness,  the  Rotobridge  does  what 
you  want  it  to  do,  without  hitch  or  hesitation.  A  10%  resistance  toler¬ 
ance  at  one  point?  A  25%  capacity  tolerance  elsewhere?  You  get  it 
with  the  Rotobridge  .  .  .  where  and  as  you  want  it  .  .  .  accurately, 
automatically.  And  when  the  Rotobridge  detects  an  error,  it  stops 
dead  and  instantly  flashes  a  red  warning  signal — and  keeps  on  flash¬ 
ing  it  until  its  human  co-worker  at  lends  to  the  defect. 

The  Rotobridge  can  be  put  to  work  on  several  small  sub-assemblies  or 
on  a  complete  set,  involving  as  many  as  120  circuits.  Two  or  three  of 
these  robots  working  simultaneously  are  all  you  need  to  inspect  a 
30  or  40  tube  set-up.  And  they'll  do  it  in  five  minutes  flat! 

Writ0  for  complete  details. 

COMMUNICATION  MEASUREMENTS  LABORATORY 


120  Greenwich  Street 


New  York  6,  N.  Y, 
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FABRICATORS,  INC 


112  N.  FITZHUGH  ST.,  ROCHBSTER  4,  N.  Y. 


{ 
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INCORPORATED 


1910-32  Norfh  Fronf  Street,  Philadelphia,  Pennsylvania 
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CHACE 


ALLOY 


AVAILABLE  IN 


XHE  temperature  coefficient  of  ex« 
pansion  of  Chace  Manganese  Alloy  No.  772  is 
twice  as  great  as  that  of  ordinary  steel ...  con* 
siderably  higher  than  aluminum,  particularly 
at  elevated  temperatures  .  .  .  and  far  beyond 
that  of  any  other  strong  alloy.  Its  expansion 
rate  is  independent  of  thermal  treatment,  and 
is  not  altered  by  cooling  to  *100”  F.  Thus  it 
makes  possible  unusual  differential  expansion 
designs. 


Chace  Manganese  Alloy  No.  772  affords  an 
unusual  combination  of  useful  engineering 
properties.  It  has  an  electrical  resistivity  about 
60%  higher  than  most  resistance  alloys  in  com* 
mon  use ...  a  thermal  conductivity  only  about 
2%  the  value  of  copper ...  a  vibration  damping 
constant  about  25  times  greater  than  steel.  It 
can  be  machined,  stamped,  drawn,  extruded, 
and  welded  to  itself  or  other  metals. 


Complete  engineering  and  research  facilities 
available . . .  Bulletin  No.  A>942,  giving  detailed 
information  regarding  Chace  Manganese  Alloy 
No.  772,  sent  on  request. 


Thermostatic  Bimetals  and  Special  Alloys 

1630  BEARD  AVE  •  DETROIT  9,  MICH. 


different  sizes:  VMF-6  measures 
2}  in.  in  diameter  and  6  in.  high; 
VMF-20  measures  6i  in.  fn  diam¬ 
eter  and  9i  in.  high;  and  VMF-10 
which  measures  71  in.  high,  3}  in 
wide,  and  weighs  25  lb.  Other  char¬ 
acteristics  of  type  VMF-10  are : 
speed  10  liters/sec.  at  10"*  mm  hg; 
ultimate  vacuum  IxxlO"*  mm  hg 
with  Octoil-S;  required  forepres¬ 
sure  0.125  mm  hg;  heater  power 
135  watts. 

Distillation  Products,  Inc.,  Ro¬ 
chester,  N.  Y. 


H-F  Coil  Supports 
Made  of  Nylon 


Printloid,  Inc.,  (91  Mercer  St, 
New  York  12,  N.  Y.)  have  issued 
a  release  in  which  they  say  that  it 
is  expected  that  when  the  supply  of 
'Nylon  becomes  sufficient  for  all 
needs,  it  will  make  its  appearance 
in  the  form  of  rods,  sheets  and 
tubes,  just  as  most  other  plastics. 
As  a  prelude  to  such  production, 
DuPont  recently  produced  a  small 
quantity  of  Nylon  in  sheet  form. 


These  sheets  were  made  experi¬ 
mentally  in  small  moulding  presses 
by  laboratory  methods.  Federal 
Telephone  &  Radio  Corporation  re¬ 
quired  a  quantity  of  high  fre¬ 
quency  coil  supports  for  some  equip¬ 
ment  they  were  producing.  Prini- 
loid,  Inc.,  fabricated  these  parts 
out  of  the  new  experimental  sheets. 
Printloid  will  welcome  inquiries 
concerning  Nylon  for  electronic  and 
other  vital  war  uses. 


Hermetically-Sealed  Leads 

These  leads  are  constructed  of 
Pyrex  glass  with  Kovar  electrodes 
and  Kovar  metal  collars.  They  may 
be  used  in  transformers,  capacitors, 
coils,  filters,  and  any  other  com¬ 
ponent  requiring  good  lead-termin¬ 
ation.  A  variety  of  standard  sizes 
and  shapes  are  available,  and  any 
shape  or  size  can  be  furnished  upon 
specification.  The  leads  have  high 
dielectric  strength  and  are  prac¬ 
tically  immune  to  thermal  or  me- 
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FIBERGLASS 

Electrical  Insulation  Tapefs 


Permit  substantial 
space  and  weight  savings  in 


FLUORESCENT 


Design  and  Construction 


SmaHer,  lightw,  siga-lighfing  control 
and  signal  transformers  also  possible 


Do  you  have  a  critical  space  problem — in  ballast  coils,  trans¬ 
formers  or  other  electrical  equipment — where  bulky  insula¬ 
tions  on  the  wire  and  around  the  coils  are  major  factors  in 
establishing  the  size  and  weight  of  your  design?  Then  don’t 
overlook  the  exceptionally  low  space  factor  of  Fiberglas 
insulation — ^particularly  tapes. 

If  space  is  at  a  premium — remember  that  a  thinner  inor¬ 
ganic  Fiberglas  tape  will  do  the  job  of  a  thicker  organic  tape. 
And,  too,  Fiberglas  tape  will  take  much  less  space  than 
equivalent  inorganic  materials.  Because  Fiberglas  tape  has 
superior  tensile  strength,  it  also  permits  a  tighter,  more  com¬ 
pact  wrapping  of  coils. 

Besides  low  space  factor  and  less  weight  in  designed  prod- 
uct,Fiberglas  insulations  have  other  advantages,  for  example: 

•  High  thermal  resistance.  Although  total  effectiveness 
of  insulation  depends  on  impregnation,  Fiberglas  forms  an 
insulating  base  which  does  not  deteriorate  froto  heat  far 
above  that  encountered  in  electrical  apparatus. 

•  No  change  with  age — of  particular  importance  in  stand¬ 
by  equipment,  or  where  equipment  stands  idle  over  long 
periods  of  time.  The  glass  fibers  do  not  deteriorate,  even 
though  moisture  should  penetrate  the  outer  impregnation. 

•  Not  affected  by  moisture  or  most  acids.  Again,  total 

effectiveness  depends  on  impregnation,  but  should  impreg¬ 
nating  varnish  fail,  moisture  will  not  disintegrate  the  glass 
fibers — and  often  will  permit  motor  to  be  dried  out  and 
run  again.  . 

Fiberglas  electrical  insulations  are 
immediately  available  in  all  the 
-  forms  and  sizes  used  in  the  electrical 

industry.  For  complete  information, 

1  HbPVIA  write  Owens-Corning  Fiberglas  Cor- 
poration,  1860  Nicholas  Building, 


Fiberglas  tapes  are 
available  in  tight 
and  medium  weaves, 
in  all  widths  com¬ 
monly  required  for 
insulating  electrical 
products,  in  thick¬ 
nesses  of  .003", 


WHAT  IS  FIBERGLAS? 


Fiberglas  is  the  trade  name  for  glass  in  the  form 
of  fine  fibers  or  filaments.  These  fibers  are  twisted 
into  yarns,  served  on  wire,  woven  into  tapes  and 
cloths,  braided  into  sleevings,  or  twisted  into 
cords — untreated  or  treated — to  fill  every  elec¬ 
trical  insulation  need. 


RGLAS 


ELCCTRICAL  INSULATIONS 


SLEEVING  •  CLOTH  AND  OTHER  FORMS 


YARNS  •  TAPES  •  CORD 
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3000  Hour 

Continuous  Operation 

Warm  Glow 
Visible  from  All  Angles 

Th*  Gothard  Neon  Lamp  Pilot  Light  will  bum 
continuouily  lor  approximately  3000  hours, 
as  compared  with  the  approximate  500  hour 
life  ot  ordinary  lamps.  It  operates  on  110 
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chanical  shock.  They  are  com- 
pletely  free  from  absorption  of 
moisture  and  humidity,  and  the 
surface  of  the  g^lass  insulator  pro* 
vides  maximum  water-shedding 
properties.  The  electrode  and  col¬ 
lar  are  easily  soldered,  brazed  or 


PILOT  LIGHT 


OMPANT 


PORCE 


ELECTRONICS  DEPT., 


TRENTON.  NEW  JERSEY 


breakable  ludte  protective  cap,  designed  and 
made  lor  Gothard  exclusively,  provides  per¬ 
fect  light  dispersion  of  its  warm  neon  glow 
in  all  directions.  Lucite  cap  unscrevrs  for 
lamp  change.  Bokelite  socket.  Polished  and 
chrome  plated  jewel  holder.  1“  mounting  hole. 
Colors:  red,  green,  omber,  blue  cmd  cleor. 
Ask  for  complete  information  on  this  and 
wide  range  of  the  Gothard  Lights. 


The  Uitiiate 
in  light  penetration 
r  and  diffusion 


Reqsesf 
New  Gotkard 
CATALOG 


MANUFACTURINB  COMPANY 


r  mo  NORTH  NINTH  STREET,  SRRINOnELD,  IlllNOlS 

RPORT  DIVISION— 2S  WerrM  S«rMt,  New  York  7,  N.  Y. 

CAniS— Simestrieo.  New  York. 

is  HARD! 


Extremely  rugged  and  tough,  STAR  I 
STEATITE  is  the  ideal  material  for  use  ll!f 

in  high  frequency  electronic  applica- 
dons.  It  can  be  molded  into  exact  "**10^ 
shapes  and  machined  to  close  tolerances.  It  resists  great 
mechanical  shock  and  extreme  condidons  of  heat  and 
humidity. 

It  has  a  very  low  power  faaor  and  dielectric  loss.  The 
Star  product  meets  Government  specificadons. 

After  the  war  our  great  produaive  facilities  will  be  at 
your  disposal. 


welded  to  a  unit  enclosure.  Another 
feature  claimed  for  these  leads  is 
that  the  use  of  Pyrex  and  Kovar 
form  an  absolutely  gas  and  mois¬ 
ture-tight  chemical  bond,  so  that 
internal  gas  pressure  may  be  main¬ 
tained  in  units  using  them.  This 
Inmd  also  minimizes  the  stress  and 
(train  of  severe  temperature 
changes. 

Electrical  Industries,  Inc.,'  42 
Summer  Ave.,  Newark  4,  N.  J. 

Resiii'Bonded  Plywood 
Tubing 

Plytube  is  the  name  of  a  plywood 
tubing  fabricated  from  thin  ve¬ 
neers  and  a  thermosetting  synthetic 
resin.  According  to  the  manufac¬ 
turer,  laboratory  tests  show  that 
weight  for  weight,  Plytube  will 
carry  a  heavier  load  than  steel  tub¬ 
ing.  Urea  Formaldhyde  is  the  mate¬ 
rial  used  as  its  bonding  agent, 
though  Phenol  may  also  be  used. 
Veneers,  selected  for  their  overall 
strength,  are  built  up  so  that  stress 
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•  S.  S.  White  power  drive  and  remote  control  flexible  shafts 

have  long  been  the  accepted  standard  in  the  aircraft,  radio 
and  electronic  fields.  Applications  are  many  and  varied,  and 
war-born  electronic  developments  have  swelled  their  number. 

This  wide-scale  acceptance  and  use  of  S.  S.  White  Flexible 
Shafts  by  engineers  throughout  industry  has  been  won  and 
held  through  ^  . 

(1)  Unmatched  excellence  in  quality  and  performance. 

(2)  Widest  selection  of  sizes  and  characteristics  in  both  the  power  drive 
and  remote  control  types. 

(3)  Authoritative  caliber  of  S.  S.  White  engineering  cooperation  in  apply¬ 
ing  flexible  shafts  to  specific  requirements. 

When  you  need  flexible  shafts,  or  have  a  power  drive  or 
remote  control  problem  remember  it's  .  .  . 


S.  S.  ^HITE  for  flexible  SHAFTS 


For  basic  flexible  shaft  data 
write  today  for  BULLETIN  43 


THE  S.  S.  WMTE  DENTAL  MFG.  CO. 


INDUSTRIAL 

•  DEPT.  E  10  EAST  40th  ST.,  NEW  YORK  16,  N.  Y. 


DIVISION 


FLEXIBLE  SHAFTS  AIRCRAFT  ACCESSORIES 

MOLDED  PLASTICS 

MOLDED.,  RESISTORS  FLEXIBLC  SHAFT  TOOLS, 
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miUCuKA 

S.  S>  7i/AUc  *p(cx£6ie 


iistributor  of 


STACI 

COI 


Silver - 
6< 


Silva 


RADIO  COMPANY 


103  WEST  43rd  ST.,  NEW  YORK  18,  N 


Silvar. 
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Socket  Wiring  Plugs  and 
Tube  Pin  Straighteners 

Two  PRODUCTS  available  from  this 
manufacturer  include  a  miniature 
socket  wiring  plug  which  is  plugged 
into  a  socket  during  wiring  to  keep 
the  socket  soldering  lugs  properly 
aligned.  The  plug  is  designed  to 
minimize  tube  failure  due  to  glass 


and  strain  in  any  direction  acts 
upon  the  total  columnar  grain  fibers 
of  the  veneer  layers.  Plytube  is 
water,  flame,  splinter  and  rot  proof. 
It  has  low  electrical  conductivity, 
is  dimensionally  stable  under  ex¬ 
treme  temperature  ranges,  and  is 
especially  suitable  fui^se  in  sub¬ 
zero  weather.  Among  the  many 
types  of  products  made  from  Ply- 
tube  are  radio  antenna  masts  which 
measure  up  to  90  ft  high,  and  an¬ 
tennas  and  instrument  covers  for 
aircraft.  The  material  is  also  avail¬ 
able  in  any  reasonable  lengths  of 
straight  tubing.  Inside  diameters 
measure  from  i  to  18  in.  Wall  thick¬ 
nesses  measure  from  0.06  to  0.60  of 
an  inch. 

Plymold  Corp.,  Lawrence,  Mass. 


ily  of  pickups,  cuttors,  jowri  points 


now  avoilabU  through  HARVEY,  distributor  of 
fin*  radio  and  •l•ctroni(  aquipmant,  r*pr***nts  th*  uHi- 
mot*  ill  professional  recording  accessories.  AUDAX 
Pickups  are  made  with  th*  unique  "reloyed-flux"  prindpl* 
so  largely  responsible  for  th*  sharp,  dear-cut  facsimile 
reproduction  of  Microdyn*.  Into  th*  Pickups,  os  well  era 
th*  Cutters  and  Jewel  Points,  has  gone  th*  delicate  pre- 
dsien  craftsmanship  of  masters  of  th*  trad*.  Long  noted 
for  its  engineering  and  mechanical  perfection,  AUDAX 
equipment  it  used  in  radio  stations,  recording  studios  and  wherever  th* 
performaiK*  requirements  or*  exacting. 


Upon  receipt  of  suitable 
priority,  HARVEY  can 
promise  you  reason¬ 
ably  prompt  deKverie* 
of  oil  AUDAX  products. 
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PI(I-«r  fACTSI 

Write  today  for  this  valu¬ 
able  booklet  which  con¬ 
tains  the  answers  to  most 
questions  in  the  field  of 
sound  reproduction,  writ¬ 
ten  by  Maiimilian  Weil, 
leading  authority  on  the 


C*T«  C*  TURRET  TERMINAL  LUGS  are  being  ordered  into 

action  by  more  and  more  radio  and  electronics 
manufacturers.  Here’s  why  .  .  . 

First  —  tliey’re  quick  to  apply.  Just  swage  ’em 
to  the  boards  and  in  a  jiffy  you  have  good,  firm 
Turret  Terminals. 

Second  —  they  save  soldering  time.  Sufficient 
metal  is  used  in  their  construction  to  provide 
strength,  but  not  enough  to  draw  heat  and  in- 
crease  soldering  time. 

TAird  — quick  delivery.  Turret  Terminal  Lugs 
to  meet  a  wide  range  of  terminal  board  thick- 
nesses  are  in  stock. 

Make  C.  T.  C.  turret  terminal  lugs  your  next 
viG  order  of  the  day.  Write,  phone  or  wire — 

CAMBRIDGE  CORPORATION 


439  CONCORD  AVENUE  •  CAMBRIDGE  38,  MASS. 


^£>A’ 


The  tube  pin  straighteners  for 
miniature  tubes  also  have  a  zinc 
base  alloy.  The  inserts  are  made  of 
either  hardened  tool  steel  or  of 
stainless  steel. 

Radio  Accessory  Div.,  Star  Ex¬ 
pansion  Bolt  Co.,  147  Cedar  St., 
New  York  6,  N.  Y. 


AN  IMPORTANT  NEW  Sdu€n.“^CUtf4tm 

CONTACT  DEVELOPMENT 


STACKPOLE  MOLDED 
CONTACT  TYPES 

Siiv«r-6raphit« 

Silver  •  Copper  -  Grophito 

Gold -Graph it* 

Silvor-Nickol 

Silver  -  Molybdonum 

Silver -Tungsten 

Silver -Nickel - 
Molybdenum 

Silver -Nickel  -Tungsten 

ond  dozens  of 
special  alloys. 


One-third  smaller  by  volume  and  with  half  as  many  parts!  That,  in  brief,  is  the 
story  of  a  circuit  breaker  produced  by  a  leading  manufacturer,  and  made 
possible  by  use  of  silver-tungsten  contacts  utilizing  the  recently  developed 
Stackpole  "FW  41”  formula. 

Thanks  to  the  efficiency  of  this  ne^  contact  material,  the  interrupting 
capacity  of  the  circuit  breaker  in  its  new  small  size  has  actually  been  increased 
from  10,000  amperes  to  15,000  amperes.  On  special  test,  it  has  interrupted 
21,000  amperes  without  apparent  damage! 

P97  41  is  but  one  of  many  Stackpole  contact  developments  of  outstanding 
importance  to  electrical  equipment  manufacturers  who  realize  that  contact 
problems  do  not  stay  solved— that  today’s  "best”  may  well  be  obso'ete 
tomorrow. 

Stackpole  engineers  welcome  the  opportunity  to  study  your  particular 
contact  application  in  the  light  of  recent  improvements,  making  their 
recommendations  and  suggestions  accordingly.  The  Stackpole  contact 
laboratory  includes  ample  facilities  for  making  contact  tests  under  actual 
operating  conditions. 


STACKPOLE  CARBON  COMPANY,  ST.  MARYS,  PA. 


smCKPOLE 


‘  MOLDED  METAL  POWDER  AND  CARBON  PRODUCTS 
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Products  of  “MERIT”  ore  passing  the  test 

Complrins  with  the  most-  cxactins  requirements  for  precision 
worknunwp  and  durable  construction.  MERIT  has  established 
its  abtlitr  to  prodnee  in  quantity  and  deliver  promptly— 

Trawslaruiafi  •  CeMs  •  Readers  •  Bedricel  Wbidinns  el  AH  Types  fer 
RoOek  Radar  and  Bedrewk  AppIkoHens. 

Today  these  dependable  MERIT  precision  pws  are  secret  wea* 
poRis:  tomorrow  when  they  can  ne  shown  in  detail  as  MERIT 
standard  prodnets  you  will  want  them  in  solvins  the  problems  of 
a  new  electronic  era. 

lUmstrMed;  Hich  Voltaae  Transformers  A-2123  (small)  and^ 


-  r*.  »> , 

'  !  ■  'll 


>'  I't-  J 


MERIT  COIL  &  TRANSFORMER  CORP. 

311  North  Desplaines  St,  CHICAGO  6,  ILL. 


CRYSTALS 


GEMEX 

COMPANY 

UNION.  N.  J. 


BUTTON  TYPE. 
FLAT  OR  STEPPED 
TYPE  * 


SQUARE  AND 
OBLONG 


CLOSEST 

TOLERANCES 

• 

EXCELLENT 

FINISH 

MINIMUM 

LAPPING 

GREAT  SAVINGS 
IN  MAN  HOURS 
AND  COSTS 

• 

PROMPT 

DELIVERIES 

Send  for 
full  information 


Railroad  Dynamotors,  and 
Hand  Generators 

DYNAMOTORS  are  for  use  in 
communications  systems  for  rail¬ 
road  use.  They  are  designated  a^ 
Magmotor  series,  and  utilize  a  per¬ 
manent  magnet  instead  of  fieli 
coils.  The  units  are*^ted  28  v  d-c 
input,  and  have  an  output  of  350  v 
at  100  ma.  The  dynamotors  are 
equipped  with  precision-fitted  ball- 


bearings  to  eliminate  all  end  thrust 
and  play  occasioned  by  train  motion 
and  vibration. 

This  manufacturer  also  has  avail¬ 
able  a  new  type  hand-generator 
which  has  a  maximum  output  of  100 
watts.  It  is  a  permanent  magnet 


hand-generator  which  requires  no 
outside  electricity  to  operate.  The 
cranks  have  been  improved  to  pre¬ 
vent  breakage  due  to  operational 
leakage.  A  shatterproof  unit  en¬ 
closed  with  the  meter,  tells  the  op¬ 
erators  when  the  output  is  being 
held  to  the  correct  value. 

Carter  Motor  Corp.,  1608  Mil¬ 
waukee  Ave.,  Chicago,  Ill. 


Radio  Noise-Suppression 
Capacitor 

Compact  and  lightweight  Pyranol 
radio  noise-suppression  capacitors 
are  especially  designed  to  reduce 
noise  voltage  (particularly  at 
higher  frequencies)  from  gener¬ 
ators,  inverters,  motors,  and  other 
equipment.  The  capacitors  are  of 
the  thru-stud  type  with  a  terminal 
at  each  end.  One  line  of  a  d-c  or  a-c 
power  circuit  can  be  fed  through 
the  unit,  thereby  reducing  internal 
inductance  and  resistance,  and  in- 
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lAONITOR  with 


See  a  wide  band-  all  at  ance 


In  tk*  typical  monitoring  station— up  to  tho  present  time — each  received  signal  has 
required  the  active  attendance  of  an  operator  and  a  receiver — ^the  operator  turning 
the  dial*  ceaselessly  and  recording  the  signals  on  the  air.  With  the  aid  of  PANO¬ 
RAMIC  RECEPTION,  however,  just  one  piece  of  equipment  can  do  the  work  of 
many.  Because  PANORAMIC  RECEPTION  SHOWS  ALL  SIGNALS  ON  A  GIVEN 
BAND  OF  THE  RADIO  FREOUENCY  SPECTRUM  SIMULTANEOUSLY,  one  operator 
can  cover  wider  bands  of  the  spectrum  with  more  occurocy  and  less  operator  fatigue. 
Without  dial  manipulation,  he  con  see  immediately  open  channels  and  intermittent 
signals.  Moreover,  the  patterns  on  the  screen  tell  him  the  frequencies  of  the  stations; 
their  stability;  their  signal  strength  as  they  reach  him;  whether  the  station  is  AM,  FM, 
or  CW;  and  the  type  and  extent  of  interference. 

In  monitoring,  os  in  direction  finding,  navigation,  production,  and  laboratory  pro¬ 
cedure,  PANORAMIC  RECEPTION  is  becoming  an  indispensable  timesaver.  Its 
unique  capabilities  will  offer  new  solutions  to  your  industrial  and  laboratory  problems. 
Allow  one  of  our  engineers  to  explain  how  PANORAMIC  RECEPTION  may  ^  used 
to  your  best  advantage. 

N‘w  and  Inffnting  bookM  "From  On*  Ham  to  Anotkor."  Arallobin  on  rnquntt.  Fully  lllustrafnd. 
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The  Mo.  37105 
Stm€iHtm  Timinid  Strip: 

*  Anothar  axclutiv*  MilUn  "D«> 
•ign*4  for  Application'*  product  it 
Nio  No.  37105  Stocrtito  flvo-torminol 
strip.  Lugs  toldorod  at  woll  at 
mochanically  ottochod  to  floating 
tcrow  mocliino  onitt.  Easy  to  mount 
with  toriot  of  round  holot  for  into- 
groi  chottit  huthingt.  Idool  ontwor 
to  tho  "tropicolizotien"  problom. 


JAMES  MILLEN 
MFG.  CO.,  INC. 

MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


creasing  filter  efficiency  for  a  given 
capacitance.  The  units  can  be 
mounted  in  any  position  and  will 
operate  over  a  temperature  range 
of  ±50  deg  C.  The  capacitors  are 
rated  0-100  amp,  250  v  maximum 


a.c.  or  d.c.,  0.55  microfarad.  TRey 
are  designed  to  meet  exacting  vi¬ 
bration  tests  required  by  AAF 
specifications.  Bulletin  GEA-4308 
contains  complete  information. 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y. 


Time  Delay  Relays 

In  order  to  open  the  main  control 
circuit,  in  case  an  added  overload 
i  period  exceeds  a  predetermined  time 
interval  on  a  line.  Type  TD8  ac¬ 
cumulative  time-delay  relay  may  be 
used  to  add  the  time  interval  of 
momentary  overload  surges  occur¬ 
ring  in  quick  succession. 

Also  available  is  Type  TD5  time- 
delay  relay  which  will  withstand 
momentary  shocks  without  affec¬ 
ting  the  switch  circuit.  It  has  a 
cam-operated  switch  mechanism. 

The  R.  W.  Cramer  Co.,  Inc.,  Cen¬ 
ter  brook,  Conn. 


Split-Contact  Switches 

These  double-throw,  split-contact 
switches  may  be  used  to  switch  an 
operation  from  a  d-c  control  to  an 
a-c  control.  Two  sets  of  contacts 
are  mechanically  interlinked  but 
electrically  isolated.  Transfer  action 
is  a  matter  of  a  few  milliseconds. 


(0^ 


Wi  l«IJ 


You  Can  Ge!  Them 


GOULD-MOODY 

GLASS  BASE 
INSTANTANEOUS 
RECORDING  BLANKS 


Tho  tributes  paid  to  "Black  Seal" 
discs  by  many  leading  engineers 
have  been  earned  by  distin- 
mished  service  on  the  turntable. 
Your  ears  will  recognize  the  dii- 
forence  in  quality  of  reproduc¬ 
tion.  and  the  longer  play-back 
life  will  f»x>ve  the  superiority  of 
"Black  Seal"  construction.  Choice 
of  two  weights  —  thin,  flexible, 
interchonge^le  with  aluminum, 
or  medium  weight  —  both  with 
four  holes. 

An  AA-2X  rating  is  automatically 
available  to  broadcasting  sta¬ 
tions.  recording  studios  and 
schools.  Endosure  of  your  prior- 
ity  rating  will  facilitate  delivery 
Old  Ahusiaua  Bleaks  Bsceetud  with 
"Block  Seel"  Feimule  ea  Skerl  Nelicu 


IXFORT  OtPT.  ROrAl  NATIONAL  COMFANT.  INC 
•t  nOAS  fTMST.  a.  T. 


October  1944  —  ELECTRONICS 


One  battleship  needs  as  many  telephones 

as  a  city  of  10,000 


When  U.  S.  warships  go  into  action, 
telephone  equipment  transmits  or¬ 
ders  instantly,  clearly. 

For  the  huge  battleship  “Wis¬ 
consin,”  Western  Electric  supplied 
two  separate  telephone  systems 
using  equipment  designed  hy  Bell 
Telephone  Laboratories. 

1.  Sound  powered  telephone  system 
—with  2200  instruments  connect¬ 
ing  all  battle  stations.  These  hat¬ 


ers,  submarines,  merchant  ships  too 
must  have  telephone  equipment. 

Today  Western  Electric  —  long  a 
pioneer  and  leader  in  the  field  of 
sound-transmission  apparatus  —  is 
the  nation  s  largest  producer  of 
electronic  and  communications 
equipment  to  aid  our  armed  forces 
at  sea,  on  land  and  in  the  air. 

To  speed  V ictoryf  bur  War  Bonds 
regularly  — and  hold  on  to  them  I 


tie  phones  operate  on  current 
generated  by  the  speaker  s  voice, 
so  damage  to  the  ship’s  electrical 
power  supply  cannot  interrupt 
communications. 

2.  Battle  announcing  system  —  with 
20  transmitter  stations  and  over 
300 loudspeakers  which  broadcast 
orders  in  a  giant  voice. 

All  this  for  just  one  battleship! 

Aircraft  carriers,  cruisers,  destroy- 


AHNIVfSs, 


Western  Electric 
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U  &  ELECTRONICS  CO 
212  FULTON  ST, 


NEW  YORK  7 


The  switches  may  also  be  used  to 
control  four  isolated  circuits  by 
pairs,  eliminating  the  use  of  relays 
and  other  isolating  means  from  the 
circuit.  The  switches  themselves 
have  two  contacts  on  both  the  norm¬ 
ally  open  and  normally  closed  side 
as  shown  in  the  accompanying  illus¬ 
tration.  Outside  dimensions  are 
the  same  as  the  manufacturer’s 
basic  SP  switch.  Catalog  No.  BZ- 
3YT  describes  pin-plunger  types. 
Types  D  and  S  plunger  designs  are 
also  available. 

Micro  Switch  Corp.,  Freeport,  Ill. 


800  Pag* 
Catalog 


WITH  YOUH 
PUOUTY 
BEQUiaZMENTS 

lor 


A  Complete 
Source  of  Supply 
for 

Everything 
in  the 

RADIO-ELECTRONIC 

INDUSTRY 


ELECTRONIC 

EQUIPMENT 


Capacitor  Motors 

These  motors  (Type  J-70)  may  be 
used  for  driving  blowers  in  high 
ambient  temperatures  and  for  pow¬ 
ering  small  control  devices  of  all 
types.  Units  are  rated  60  cycles, 
115  V,  single  phase,  3400  rpm.  They 
have  a  low  temperature  rise.  Each 


10.000  lf«Mt  ia  Stock 
if  Fast  Dolivory  Assorod 
if  22  Yoort'  Exporiooeo 


Avolloblo  fro#  of 
eborgo  to  oothoriiod 
porckosiag  ogoats  oad 
oaglaoors  wbo  writo  oa 
eoaipaay  stotioaory. 
Address  Box  E.  O. 


FOR  PROMPT  SERVICE 
Telephone  BArcloy  7-1840 


unit  weighs  3  lb  and  measures  3 A 
in.  in  diameter,  overall  length  3i 
in.,  shaft  diameter  A  in.  Also  avail¬ 
able  are  motors  which  will  deliver 
1/26  hp  and  can  be  wound  for  2  or 
3  phase.  Higher  speeds  and  hp  for 
400-cycle  applications  are  available. 

Eastern  Air  Devices,  Inc.,  585 
Dean  St.,  Brooklyn  17,  N.  Y. 


Flat  Keying  Relay 

The  chatter  has  been  removed 
from  Series  200  relays  by  a  new  im¬ 
provement  which  consists  of  an  en¬ 
ergy-absorbing  material,  sealed 
within  a  contact-carrying  cage.  The 
compound  used  is  not  affected  by 
age,  oil  or  moisture.  These  im¬ 
proved  relays  have  no  bounce  and 
will  key  up  to  150  words  per  min,  or 
60  impulses  per  second.  Input  is  50 
milliwatts.  The  armature  of  the 
units  is  mica  insulated  and  is  suit¬ 
able  for  keying  a  50-Mc  r-f  signal. 
Contacts  will  carry  up  to  2  amp. 

Kurman  Electric  Co.,  35-18  37th 
St.,  Long  Island  City,  N.  Y. 


Versatile  is  the  word  for  Atlas 
Sound’s  latest  creation,  the  DR-12  Little 
Giant  (Bell  diameter  7  in.  Overall  length  7^ 
in.)  Its  construction  gives  equally  gratifying  service 
when  used  for  marine  application,  factory,  police  and 
other  communications  ...  a  design  that  has  proven 
itself  more  than  equal  to  War’s  rigorous  demands. 


Write  for  detailed  description. 


Brooklyn,  New  York 
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All  over  the  v^orlci  Delco  Radio  products  are  In  useful  service.  They  prove  dally  that 
the  name  Delco  Radio  means  dependability  .  .  .  dependable  designs  developed 
li^h  car^and  imagination;  dependable  products  built  with  craftsmanship  and  skill. 
In-rodio  and  electronic  equipment,  the  name  PeteO-^ Radio  stands  J[or  engineering 


vision — manufacturing  precision, 


DOUAKS  FIGHT— BUY  MOKC  WAR  BOHOS^ 


■  4-.  >: . 
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DIELECTRIC  CONSTANT  1.37 
SPECIFIC  GRAVITY  0.7  6 


NO  VACUUM  IMPREGNATION 


for  spraying 
or  dipping 


430  F- FUNGICIDE  ...a  non¬ 
volatile,  non-foxiccoating,  resis¬ 
tant  to  Fungi  and  Mold  growth. 

900  OPAQUE  ..Insulating  coat 
acts  as  vitreous  enamel  coating 
...withstands  temps,  of  550‘*  F. 
made  in  variety  of  colors. 

430  GC-TRANSPARENT  ..For 

very  deep  penetration.  Forms 
very  strong  mechanical  bond 
between  wire  and  coil. 


COILS  .  RESISTORS 
CONDENSERS 
LAMINATIONS  ETC. 


I 

I 

I  i  Potentiometers 

I  This  manufacturer  announces 
that  they  will  again  be  able  to  sup- 
I  ply  potentiometers  (Type  N-103) 

[  made  of  non-substitute  materials. 
I  Wartime  restrictions  changed  the 
\  \  specifications  for  control  shafts 
r  from  aluminum  to  steel  in  standard 
sizes  of  21  in,  lengths,  and  now  the 
I  manufacturer  is  reverting  again  to 
\  !  aluminum  shafts  extending  8  in. 
I  from  the  end  of  a  I  in.  bushing. 
I  Universal  fluted  mills  which  sim¬ 
plify  filing  and  allow  for  all  types  of 
[  knobs  will  be  used. 

ICentralab,  900  E,  Keefe  Ave.,  Mil¬ 
waukee  1,  Wis. 


Rubber  Latex  Insulation 

Nubun  is  the  name  of  a  new  syn-, 
thetic  rubber  latex  insulation  for 
power  and  communication  cable.  It 
has  improved  electrical  and  physical 
characteristics  for  applications 
where  replacement,  servicing  and 
space  are  important  factors.  Other 
features  claimed  for  it  include 
greater  resistance  to  destructive 
forces,  flexibility,  impermeability 
to  water  and  laminated  construc¬ 
tion.  Nubun  insulation  is  made 
from  a  special  modification  of  buna 
S  synthetic  rubber. 

United  States  Rubber  Co.  Rocke¬ 
feller  Center,  New  York,  N.  Y. 


803  Pentode  Tube 

Mass  production  of  Type  803  pen¬ 
tode  tube  for  military  and  priority 
orders  is  now  being  done  by  Taylo 
Tubes,  2312  Wabansia  Ave.,  Chi 
cago.  Ill. 

Phenolic  Insulating  Materia’ 

Resinox  No.  7934  is  a  new  phenolic  j 
molding  compound  which  may  be  | 
used  as  an  insulating  medium  in  | 
high-frequency  apparatus.  It  has  a  | 
low  dielectric  constant  and  power  | 
factor,  low  water  and  moisture  ab-  i 
sorption  ( 0.03  percent  under  ASTM  1 
tests  which  call  for  24-hour  water  I 
immersion)  and  relatively  high  heat 
resistance.  This  new  material  is 
mica-filled  and  is  based  on  a  newly 
developed  phenol  -  formaldehyde 
resin. 

Monsanto  Chemical  Co.,  St.  Louis 
4,  Mo. 


DUPUCATtNG  and  PROFtLING 


AUTO  ENGRAVER 

Accurafm  Engraving 
wifh  Unskilled  Operators 

UnftilUd  oparcton  will  profiU  or  aeeurattly 
raproduca  in  smooth  linos  any  dasign,  num. 
bar,  lattar,  amblam,  signatura;  on  iron,  brau, 
coppar,  aluminum,  soft  staals  and  all  plastics. 
Hara  ara  soma  of  its  othar  usas  .  .  . 

•  Drills  a  series  of  holes,  or  profiles  small 
parts. 

•  Cuts  an  even  channel  for  wiring  on  panels. 

•  Increases  accuracy  and  production. 

•  Works  from  original  drawing  or  templates. 

•  Etches  glass  and  similar  items. 

•  Will  not  cause  distortion. 

For  complete  information  on  this  and  other 
models  and  prices  write  Dept.  K. 


AUTO  ENGRAVER  CO. 

1776  BROADWAY,  NEW  YORK  19 


■ARCiO.N 

HELll’M 

KRYPTON 

Neon 

Xenon 

Mixn  R1  s 

•  .  .  Spectroscopically  Pure 
,  .  .  Easily  removed  jrom  bulb 
without  contamination 


Scientific  uses  for  Linde  rare  gases  include— 

1.  The  study  of  electrical  discharges. 

2.  Work  with  rectifying  and  stroboscopic 
devices. 

3.  Metallurgical  research. 

4.  Work  with  inert  atmospheres,  where  heat 
conduction  must  be  increased  or  decreased. 

Many  standard  mixtures  are  available. 
Special  mixtures  for  experimental  purposes 
can  be  supplied  upon  request. 

The  word  “Linde"  is  a  trade-mark  of 


THE  LINDE  AIR  PRODUCTS  COMPANY] 

Unif  of  Union  Corbide  and  Carbon  Corporation  1 

30  E  4?nd  St.,  New  Yo'h  17  Offices  in  Pnncipol  Cities! 

in  Conada  Dominion  Oxygnn  Company,  Ltd  ,  Toronto  \ 
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A  MINUTE 


THE  BROWNING  FREQUENCY  METER,  us^d 
by  police  and  other  emergency  radio  fadliHeM 
for  the  past  five  years,  is  still  the  best  meter  for 
such  services  —  because  it  was  specifically  de¬ 
signed  for  them.  The  design,  which  permits  de¬ 
termination  of  any  five  frequencies  from  l.S  to 
120  Me.,  makes  for  simplicity  of  operation 
which  requires  less  than  one  minute  to  check 
one  frequency.  All  Browning  development  work 
aims  at  specific,  rather  than  broad,  uses.  Thus, 
aU  Browning  equipment  is  best  for  its  particular 
job.  Furthermore,  Browning  Laboratory  facili¬ 
ties  are  available  for  study  and  solution  of  your 
own,  specific  electronic  engineering  problems. 

Write  for  data.  .j.i 
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NEW  BOOKS 


Automatic  Control 
Engineering 

By  Eo  Sinclair  reseorefc  9%. 

gineer,  Eclipse-Pioneer  Division  0/ 
Bendix  Aviation  Corporation,  Mc¬ 
Graw-Hill  Book  Co.,  New  York.  S6t 
pages,  price  (4.00. 

The  author  has  included  the 


WIDELY  FAVORED  becaase  af 
NOISELESS  operatioa,  DURABILIH 
aad  fiae  PERFORMANCE  la 
all  cliaiatea  .  .  . 

STANDARD  RANGE 

1000  ohms  to  10  megohms 

NOISE  TESTED 


AUTHOR 

material  necessary  to  enable  anyone 
who  has  studied  engineering  to  un¬ 
derstand  and  apply  the  principles  of 
control  to  any  application  or  proc¬ 
ess.  Considerable  attention  is  given 
to  terminology.  Definitions  are  pre¬ 
sented  as  adopted  by  the  A.S.M.E. 
Division  of  Industrial  Instruments 
and  Regulators,  German  standards, 
and  the  1941  Temperature  Sym¬ 
posium. 

To  orient  the  reader,  principles 
are  enumerated  which  underlie  the 
characteristics  of  meters  and  con¬ 
trollers,  lags  in  plants,  main  com¬ 
ponents  of  controllers,  steiidy-hunt- 
ing  performance,  transient  per¬ 
formance,  and  the  application  of 
regulators  to  plants.  Although  only 
a  few  pages  deal  specifically  with 
electronic  control  principles,  much 
of  the  non-electronic  information  is 
vitally  essential  to  engineers  seek¬ 
ing  electronic  solutions  to  control 
problems. — J.K. 


type  65X  B 

JJTOR 

a  FttU  OEIMIS 


At  slight  additional  cost,  rasistors  in 
tha  Standard  Ranga  ara  suppliad  with 
aach  rasistor  noisa  tastad  to  ^a  follow¬ 
ing  standard:  "Per  tb*  conplata  oadle 
freqaMcy  rasge,  ratisters  shall  hava 
lass  Bolsa  thoa  earraspeads  to 
cbaaga  of  raslstaaea  af  1  port  la 
1,000,000." 

HIGH  VALUES 

15  aiagahais  ta 
*  '  1,000,000  aMgahais 


NOW  YOU  CAN  DO  YOUR  OWN 


Beloved  Scientist,  life  of 

Elihu  Thomson 

By  David  O.  Woodbury,  Whittlesey 
House,  New  York.  1944.  Pries  $9.50 

Although  the  dividino  line  be¬ 
tween  a  scientist  and  an  inventor 
is  sometimes  narrow,  there  can  be 
no  doubt  about  Elihu  Thomson's 
place  in  the  world — ^he  wa.*^  one  of 
our  great  scientists.  This  story  ot 
David  Woodbury's  is  not  only  » 
biography  of  a  beloved  scientist 
with  an  eager,  creative  mind  which 
respected  other  minds;  it  is  the 
story  of  the  electric  light,  the  arc 
lamp,  the  transformer,  of  dynamos 
and  motors,  electric  welding,  meter¬ 
ing  of  electric  current  and  voltage 
and  power,  of  voltage  regulators. 
For  Elihu  Thomson  lived  in  an  age 
of  golden  opportunity,  as  a  contem¬ 
porary  (and  often  a  competitor)  of 
Edison,  Brush,  Bell,  Westinghouse, 
Tesla,  Rdntgen,  Marconi,  Sprague, 
Lodge,  Pupin.  The  book  is  also 


WE  SHOW  YOU  HOW 

WE  ENGINEER  THE  JOB 

WE  BUILD  THE  TOOLS 


miss 


W'A’Roqaa'i  axclnslTa  ploattc  branding  procMS 
has  boon  amployad  axtanslraly  lo  ipoad  pro- 
dnction  of  many  bnportant  war  plastics.  Tha 
bokalita  Asfanuth  Dial  ilhistralad.  is  oita  axampla 
of  Hogan's  aoenrocy  in  branding.  In  fact  this  important  ossignmant  was 
antmstad  only  to  Bogan. 

Howarar.  wortinia  damonds  for  this  sarriea  in  soma  ordnonca  plants, 
bora  raqnirad  tha  application  on  dialr  own  pramisas.  80.  Hogan  angl* 
naars  bora  orrongad  a  mathod  wbaraby  onyona  con  do  his  own 
branding  on  plastics  right  in  his  own  plant  Bogan  will  anginaar  aach 
lob  complataly  and  build  all  tha  nacaasory  tools.  Will  prorida  claor. 
sfanpla  instructions  thot  will  parmit  onyona  to  do  tha  lob  axpartly.  All 
you  naad  do  is  to  sand  ns  blua  prints  and  olbar  spacific  data,  ond 
wa*!!  ghra  you  a  quick  cost  and  tima  astlmata. 

Toka  odTontoga  of  Uiis  now  Hogan  sarriea  .  .  .  sand  ns  your 
spadficatioiu  today. 
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TYPE  103>A— Two  ttogo  — Fixed  gain  55  db.  Inpwt 


impodonco  30,  250  or  600  ohms;  ovtpwt  impodanco 


600  ohms.  FroguofKy  response  30-16,000  Cycles  ±  .5 
db.  Power  output  -|-  26  VU  with  loss  than  1  %  har 


monk  content.  Requires  external  power  supply  275 
Volts  DC  30  M.A.,  and  6.3  Volts  AC  .75  Amps.  When 
a  102  Series  Amplifier  is  used  in  coniunction  with  a 


101  Series  Amplifier,  the  latter  is  capable  of  supplying 


the  necessary  power. 


me  102  Series  Amplifiers  consist  of  four  dif-  tended  for  high  grade  public  address  installa- 


ferent  amplifiers  available  simply  by  changing  tions.  input  stage  electronic  mixing. 


a  small  input  panel  on  the  master  chassis.  Except 
for  the  input  panel,  they  all  have  the  same  trans¬ 
mission  characteristics.  Designed  for  the  highest 
type  audio  service,  they  will  meet  frequency  mod¬ 
ulation  requirements  as  to  frequency  response, 
power  output  vs.  distortion  and  noise  level. 


TYPE  102-A  as  illustrated  and  described  above. 


TYPE  102-B— Three  stage  — Gain  95  db.  In- 


TYPE  102-C— Three  stage— Fixed  gain  95  db. 

TYPE  1 02-D— Two  stage— Input  impedance  600 
ohms  and  bridging.  Fixed  gain  600  ohm  input 
61  db.  Bridging  input  fixed  gain  45  db. 


The  3 A  Mounting  From#,  requiring  lOVi  inchot  rocii  tpoco,  will 
accommodate  up  to  THREE  102  Series  Amplifiers  and  is  suitable 
for  wall  mounting  cabinet  or  rack  and  panel  installations. 
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ACME  ENGINEERED 
TRANSFORMERS 


HIGH  LEAKAGE  REACTANCE 
FILAMENT  TRANSFORMERS 


the  story  of  the  foundation  of  the 
General  Electric  Company  and  of 
its  early  days ;  of  Charles  Coffin  and 
E.  W.  Rice,  Jr. 

The  book  is  also  the  story  of 
many  patent  dogfights;  and  of  a 
mercenary  who  seemed  bent  oa 
making  the  days  of  -the  scientist- 
inventor  Thomson  unhappy.  It  is 
the  story  of  imagination  and  in¬ 
genuity  brought  to  service  on  the 
highest  plane;  of  the  great  adven¬ 
ture  of  bringing  electricity  out  of 
the  laboratory  and  into  the  factory, 
the  street  car,  the  home. 

Elihu  Thomson’s  place  in  those 
great  days  is  secure;  he  was  inter¬ 
ested  in  theory  as  well  as  practice; 
he  worked  with  the  utmost  care, 
weighing,  pondering,  measuring. 
He  knew  what  he  was  doing;  he 
.was  humane;  a  social  being  as  well 
as  possessor  of  nearly  seven  hun¬ 
dred  patents. 

“Beloved  Scientist”  is  good  read¬ 
ing  for  those  whose  lives  have  been 
speiit  in  the  electric  industry;  for 
the  youngsters  coming  on,  it  should 
provide  much  inspiration. — K.H. 


MINNEAPOLIS  IS,  MINN.  Radio  Direction  Finders 

-  By  Donald  S.  Bond,  MeGrow-HiU 

^  Book  Co.,  New  York  18,  N.  Y.  19 JU, 
287  pages,  162  illustrations,  price 
$8.00. 

This  book,  the  third  in  the  Me 
Graw-Hill  communication  series 
edited  by  Beverly  Dudley,  is  the 
first  published  in  this  country  ex 
clusively  on  the  subject  of  direction 
finders.  The  author,  an  experienced 
engineer  in  the  field  of  direction 
finder  design,  writes  specifically  for 
electrical  engineers  and  others  hav- 
i  ing  a  broad  engineering  training 
AUDIO  TRANSFORMERS  and  little  if  any  experience  in  this 

particular  specialized  field.  The  au¬ 
thor  has  made  available  in  usable 
and  organized  form  as  much  of  the 
existing  technical  data  on  the  de¬ 
velopment  of  direction  finders  as 
could  be  crammed  into  a  volume 
whose  size  is  not  so  great  as  to  dis¬ 
courage  a  busy  engineer  in  need  of 
information.  Application  of  the 
subject  matter  to  specific  problems 
INTERSTAGE  is  illustrated  by  means  of  examples 

TRANSFORMERS  worked  out  in  the  text. 

The  book  starts  out  with  a  chap- 
giving  general  information  and 
|^HH||P||HrjH|||||||||  standard  test  procedures  on  direc- 

tlon  finders.  These  data  are  tied 
W  |B  I  C^^B  in  ^itii  dnfn  usually  taken  in  mak- 
in£r  performance  measurements  on 

Octobor  ffM  — ELECTRONICS 
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VARIAC  continuously  adjustable  auto-transformers 
are  widely  used  to  control  the  speed  of  fractional 
horsepower  motors.  They  provide  exceptionally 
smooth  control  with  very  low  power  losses.  These 
types  of  control,  however,  cannot  be  used  success¬ 
fully  with  all  a-c  motors;  both  the  type  of  the  motor 
and  the  type  of  load  determine  whether  the  vari¬ 
able  auto-transformer  can  be  used. 

For  example,  repulsion  and  series  motors  can  be 
controlled  over  a  wide  range  of  speeds;  induction 
motors  do  not  lend  themselves  to  voltage  control, 
except  with  a  fan-type  load  where  the  effective 
load  varies  greatly  with  speed. 


The  split-phase  motor  with  automatic  cut-out 
cannot  be  controlled  successfully.  Repulsion-start 
induction  motors  can  be  controlled  only  during  the 
time  that  the  repulsion-start  system  is  cut  in,  and  if 
the  winding  is  designed  for  continuous  duty. 

VARIACS  are  incorporated  in  so  many  motor- 
operated  devices  that  many  manufacturers  now 
consider  the  adaptability  of  this  control  when 
choosing  or  designing  the  motor  to  be  used. 

A  detailed  discussion  of  VARIAC  motor  speed 
control  appears  in  a  recent  issue  of  the  General 
Radio  Experimenter.  May  we  send  you  a  copy? 


VARIAC 


•  WRITE  FOR  BULLETIN  892 

VARIACS  are  available  (with  suifable  priority  rating)  in  power 
ratings  between  170  va  and  7,000  vo;  prices  are  between  $10.00 
and  $100.00. 
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communications  receivers,  A  goodly 
part  of  the  material  is  in  handbook 
form.  Chapters  on  wave  propaga¬ 
tion,  directive  antenna  systems, 
aural  null  direction  finders,  per¬ 
formance  characteristics  of  loop 
input  circuits,  visual  direction  find¬ 
ers  and  radio  navigational  aids 
comprise  the  main  body  of  the  text. 
A  rather  complete  description  of 
the  Mark  I  aircraft  automatic  di¬ 
rection  finder  is  included  in  the 
chapter  on  visual  direction  finders. 
A  mathematical  appendix  is  in¬ 
cluded  wherein  the  derivatiQn  of 
some  of  the  formulas  not  derived  in 
the  text  are  to  be  found. 

The  many  footnote  references 
and  bibliographies  at  the  end  of 
each  chapter  should  facilitate  fur¬ 
ther  study  on  the  part  of  those  in 
need  of  additional  information. — 
w.o.s. 
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Foundations  of  Wireless 

By  M.  G.  SCROGGIE.  Published  by  Iliffe 
&  Sons,  Ltd.,  Dorset  House,  Stamford 
St.,  London,  S.  E.  1.,  Uth  ed.,  19 US,  S58 
pages,  price  7s,  6d. 


••COPROX”  MODEL  CX-2E4-A#.  nn«. 
comiected  •nd  mounted  in  tube  bme,  de- 
tecU  phew  differentieb  in  A.C.  cunenti 
end  imnii  O.C.  potentinb  applied  to  bal¬ 
anced  A.C.  eireuita.  Maximum  4.5  volte 
continuoue.  Shown  here  in  actual  siie. 


A  COMPLETE  NEW  EDITION  of  a  well- 
known  British  basic  textbook  on 
radio. 

Twenty-one  chapters  are  provided 
and  a  simple  listing  of  their  head¬ 
ings  indicates  the  logical  treat¬ 
ment  of  the  subject:  an  outline  of 
broadcasting,  elementary  electrical 
notions,  capacitance  and  inductance, 
alternating  currents,  a-c  circuits, 
the  tuned  circuit,  the  triode  valve, 
oscillation,  the  transmitter,  detec¬ 
tion,  the  single-valve  receiver;  re¬ 
action, 


Thi*  frigt^-routmet 
viodcf  M  only  one  of 
a  gtries  of  mountinsa 
and  indicatea  only 
one  of  the  complete 
range  of  Luxtron* 
cell  shiM  and  aisa 
a\-ailabla. 


Th»ir  higiMd^tancy  convanion 
Hglit  info  atactric 

powar,  pa««tt«  opptiee»tlana  in 
graot  voriafy. 


Spatial  tafminals,  or  pra-toldarad 
laad  wirat,  pravant  ovarhaofing 
daring  otsaiably.  Standard  unit* 
saalad  with  wotarproof  iacqvart.< 
criKtal-a^icotion  unit*  pottdU 
in  wax.  Stondtard  “paltats"  goM 
eoatad  on  front  tuirota,  forming 
poMtiva  contact/  for  critkoi  bp- 
pticoHon*,  gold  usad  on  boi^ 
tida*.  High  taakaga,  but  vary 
low  forward  ra*i«tanca.  Highly 
odoptabia  mountings. 

To  thata  axtros,  add  Bradtay’* 
obiiity  to  produca  '*Coprox'*  rac- 
tiBar*  for  spacial  applkotion*, 
than: 


Bulk  ond  complaxitias  <pa  minl- 
mizad.  Wor  epfriheation*  hn- 
pram  Hiair  dapandabiiity  ond 
durability  doily. 


radio-frequency  amplifica¬ 
tion;  screened  valves,  selectivity  in 
the  r-f  amplifier,  audio  frequency 
and  output  stages,  designing  a  re¬ 
ceiver,  the  superheterodyne  and  its 
frequency  changer,  tuning  circuits 
in  the  i-f  amplifier,  automatic  con¬ 
trols,  power  supplies,  radiation  and 
aerials,  and  transmission  lines.  The 
preface  explains  mathematical 
formulas  and  symbols  for  readers 
having  no  technical  training. 

Although  most  of  the  terms  used 
are  standard  for  both  British  and 
American  practice,  there  are  some 
few  variations  that  would  be  unfa¬ 
miliar  to  readers  on  this  side  of  the 
Atlantic.  To  overcome  this  there  is 
a  two-page  appendix  that  lists  terms 
and  their  equivalents,  with  dis¬ 
tinctively  American  expressions 
printed  in  italics. — K.S.P. 


LuxtfOfi*  Photocuil*  or*  i^oiiy 
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